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REPORT OF THE AGRONOMIST IN CHARGE. 

\\y 1). W. May. 

The proper function of an experiment station is research, and in- 
struction shouhl not be expected of it. For many years after the 
cstablisliment of tlie Porto Kico Experiment Station it was neces- 
sary to transhite its work to a i)ublic not familial* with scientific 
agriculture. Fortunately this period is passed and the station can 
now^ turn more to the investigation of tropical agriculture, leaving 
yC, other agencies tlie popularization of its work. 

FERTILIZERS. 

The prosperity of the ishind (h'pends ]>rima!ily upon agricultural 
production, wliich in turn is contingent ui)on soil coiulitions. Niti'o- 
gow is tlie limiting factor in soil fertility and the largest eleuient of 
expense in the annual fertilizer bill of the co\mtry. The imports of 
fertilizer, the gieatest part of which was nitrogen, amounted in 1921 
to 52,969 tons, valued at $3,105,011. The most inexpensive and prac- 
tical method of supplying this element would seem to be in the grow- 
ing of legumes. In the Tropics, w^here there is a 12-month growing 
season every year, legumes should be grown in rotation with cane 
and other crops, as they are well furnished with nitrogen-storing 
bacteria and yield large (piantities of peas and beans for human con- 
sumption and forage for stock. Large numbers of valuable legumi- 
nous plants, including the velvet bean and Trphrofiia randirla for 
coffee plantations and pastures, and the soy bean and sword bean for 
foi-age and giTcn manure, have l)een introduced by the station. 

Many of the heavy soils, especially in the interior, require liming 
to neutralize the acidity and bring about better tilth. In various 
sections of the island there are many deposits of natural lime that, 
is soft enough to be cut with a spade and spread over the fields. 
Planters should determine the lime i-equircment of their soil and 
then apply this element in the best form commensurate with the cost. 

VEGETABLE GROWING. 

With few exceptions, every vegetable that grows on the mainland 
can be grow^i in Porto Rico. Notwithstanding this fact, few vege- 
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tables ever reach market, due to the prevalence of insect and fungus 
pests and to the inertia of many farm hands who would rather hire 
their labor in an overcrowded market than produce crops for them- 
selves. With a view to remedying this defect the station has, by 
the distribution of seeds and the dissemination of practical informa- 
tion relative to vegetable growing, sought to encourage the raising 
of vegetables at home. 

Radishes, turnips, and carrots are easily grown in Porto Rico and 
are troubled by very few pests. Turnips grow quickly and the tops 
are available as greens. Successive plantings of this crop should 
be made, as the roots become tough and bitter. Beans, which are 
largely imported for use with rice, should be grown to supply local 
necSs and for exporl as they were during the World War. Both 
the garden and sweet pea can be successfufiy grown when the soil is 
inoculated with nitrogen-fixing bacteria. Oi the former, the tall 

f rowing sorts give the largest yields and over the longest periods, 
noculated soil should be ootained from the station for use in grow- 
ing peas, and the crop should be grown in the winter. Lettuce ranks 
first among the salaa vegetables and is now grown quite extensively. 
Of the many varieties tested by the station. Mignonette has given 
the best results, heading nicely and being crisp and tender. The 
seed of lettuce should ^ sown in boxes which are protected from 
ant invasion. Kale and Chinese mustard are among the easiest crops 
to grow. Swiss chard does well and gives a number of cuttings. 
Okra is the surest all-the-y ear-round crop, and does well during even 
the time of heaviest rains. The improved varieties are much better 
and more prolific than the native kinds. Peppers, onions, tomatoes, 
beets, eggplants, kohl-rabi, cabbages, and cucumbers should be grown 
in every garden. Only the improved seed of eggplants should be 
used, as the native varieties run to seed and are thin-fleshed. 

PLANTING SEASONS. 

The temperature of Porto Rico is always conducive to plant 
growth, yet the time of planting is modified by rainfall, and occa- 
sionally by periods during which certain insects are abundant. 
There are no such limits to time of planting in the Tropics as in the 
Temperate Zone, and the ground should always be covered with some 
crop. Thirty days is sufficiently long for the growing of a legumi- 
nous crop such as the cowpea if it is to be turned under for green 
manure or fed. 

One of the causes of delay in seeding and planting in Porto Rico 
is the widespread belief in the supposed innuence of the moon on 
plant growth, many native farmers believing that some phases of the 
moon are more favorable for planting certain crops than others. 
While those connected with the station do not hold to such belief, it 
was thought advisable to conduct a demonstration to show that other 
conditions being advantageous it was not necessary to wait on the 
phases of the moon. Seeds of radish, oats, and sunn hemp {Crota- 
J^aria juncea) were sown at six weeks' intervals throughout the year, 
advantage being taken of seeding in all the phases of the waxing and 
waning moon. Other lots were grown under conditions excluding 
moonlight, and in still others six different soils were seeded under 
like conditions. Many hundreds of the resulting plants were 
weighed and measured, but no striking or consistent differences were 
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found. Such slight variations as were noted were not sufficient to 
influence the general growth of the plants over the whole period. 

LIVE STOCK. 

Much progress was made during the year with live stock, especially 
with dairy cattle. Quite a num^r of purebred dairy animals were 
imported as a result of the successful introduction of other such 
animals at a number of places following the active campaijgn for the 
eradication of the cattle tick {Mar^arojms annidatus) , ana the num- 
erous demonstrations by the station of the growing of improved, 
nutritious feeds. 

Data pertaining to dairying in Porto Rico were submitted for 
publicat on during the year.* 



EEPOET OF THE CHEMIST AND ASSISTANT CHEMIST. 

By L. G. Willis and .T. O. Carrero. 

BICE INVESTIGATIONS. 

A study of some of the critical factors governing rice production 
has led to results that are of value not only to rice growers, but also 
probably have a bearing on certain phases of the culture of other 
crops. 

Former investigations made to determine the relation of fertilizers 
and soils to the apparent physiological reaction of the rice plant, 
showed that chlorosis of rice, due to lack of iron, is associated with 
the presence of an excess of calcium carbonate in the soil. Inves- 
tigations conducted during the year indicate that this effect is fur- 
ther governed by the nature of the fertilizing materials used in 
growing the crop. In other words, fertilizer compounds which in 
themselves or by virtue of a nonassimilable basic residue tend to 
precipitate iron are usually associated with the development of 
chlorosis, while fertilizers having nonassimilable acidic residues are 
effective in preventing chlorosis on a moderately alkaline soil. 

Although rice is not a crop of great economic importance in Porto 
Rico, it serves well for use m experimental culture, being like many 
other plants in its physiological reaction to chlorosis on calcareous 
soil. The results obtained with rice probably explain the observa- 
tion made in many experimental and commercial plantings, that 
sodium nitrate is valueless, while ammonium sulphate is highly satis- 
factory as a fertilizer for pineapples, and suggests that chlorosis of 
corn and of cane, as well as the f renching of citrus trees, can probably 
be remedied in many instances by the use of ammonium sulphate in 
the fertilizer formula. 

It was also observed in the experiments with rice that excessive 
applications of nitrogenous fertilizers to plants grown on a compact 
soil caused a sterility which appeared to be the so-called straight- 
head disease. The occurrence of this trouble was governed by the 
quantity of nitrogen supplied and by the management of the soil 
with respect to irrigation. Plants made normal growth with nomi- 
nal quantities of nitrogen regardless of whether the soils were flooded 

> Porto Rico SU. Bnl. 29, Dairying In Porto Rdco, copies of which may be had by 
addremrins: the a^onomlst in char^ of the station. 



4 I'oirro iiico a(;i:i( ri/rrnAi. kxpkhimknt station. 

continuously or intermittently, and were less subject to sterility wlien 
grown on soils that were Hooded intermittently. 

Analytical work on samples of rice grown with the various soil 
treatments is nearly completed, and it is hoped that some differences 
in composition may he found to throw light on the physiological 
causes of the ol)seived sterility. Early observations indicate that 
the sterile condition is associated with an excessive accumulation of 
nitrogen in the plant tissues, and it is possible that the results ob- 
tained with lice may ex})lain similar conditions in other economic 
plants. No doubt this investigation could be developed to include 
a study of the factors governing the time of blossoming of citrus 
trees, with results of great financial value to Porto Rico. 

WORK WITH AGRICULTITRAL LIME. 

Tlie interest whicli is being aroused in the use of ground lime- 
stone as a corrective of acidity of certain soils that are devoted to 
miscellaneous crops made it advisable to start an investigation to 
determine the relative value of the most abundant types of lime- 
stone. This work will probably be continued and reported upon next 
year. I/iming may be expected to yield profital)le returns on all acid 
soiis excepting very sandy soils and with most crops excepting pine- 
apples. 

MANAGEMENT OF CANE SOILS. 

In a further study of the nitrogen economy of cane soils it was 
found that nitrogenous fertilizers do not greatly increase the yield 
of the first cane cro|) and leguminous green manures are apparently 
of no advantage. The early growth of the canes' first ratoon, how- 
ever, show^ed the effect of not having received nitrogen. The growing 
of cowpeas betw^een the cane rows as a green manure to supply nitro- 
gen to the soil resulted in a noticeable improvement in the appear- 
ance of the cane as compared with that in the check plats, but no 
conclusions can be drawn relative to the efficiency of this method 
until the experiment has been carried on for some time. 

ANALYTICAL WORK. 

The analytical work in connection with the projects of the division 
has taken so much of the available time that there has been little 
opportunity to undertake any miscellaneous analyses. Samples of 
juice from seedling canes were analyzed and a number of samples of 
ground limestone were tested for purity. 



EEPORT OF THE HORTICULTURIST. 

By T. B. McClelland. 

LEGUMES. 

With irrigation, garden and field l>eans may be planted in the 
early winter with a fair assurance of dry weather for maturing the 
crop. Late winter or early spring planting should be made if a 
large crop is wanted. Two plantings were made at the station dur- 
ing the year, one in autumn and the other in spring. A severe 
drought followed the spring planting and so retarded germination 
that many plants failed to emerge from the ground until five weeks 
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:iftoi' planting. Notwitlistaiidiii*; the lon^ delay in p»niiinatic>n, a 
fine stand and a heavy crop were obtained. Practically the whole 
ciop was ruined between .June 5 and 10, however, by the fall of 8 
inches of rain, which Hooded most of the field for days. Among the 
selections saved were various white strains wliich were derived from 
a cross with black Venezuelan aiul have* i)een carried throu<j;h sev- 
eral generations. In the progeny of this cross blackness of the seed 
coat is dominant over whiteness, and glossiness over dullness. The 
progenitor, presumably Fj, was a glossy black bean found in a row 
of black Venezuelan. The F. generation consisted of 1 glossy 
white, 2 glossy black, and 1 dull black type. I'he white threw onlv 
white in the F^ generation. 5 glossy and 1 dull. The dull black 
threw only dull, of whicli were white and 15 black. The glossy 
nlack threw 2 glossy and 1 dull white, and 1> glossy and 5 dull black. 
The F3 generation from the two F.^ blacks then consisted of 1) white 
and 29 black. The F^ generation from the 9 white-seeded plants con- 
sisted of 2tM) white and 1 black, the latter presunud)ly the result of 
further crossing. Of the 29 black-seeded plants, 1 was discarded, 
11 threw black only, and 17 threw 4()9 black-seeded and 151 white- 
seeded plants, a very fair ratio of 8 to 1. 

From the two F2 glossy beans, 7 dull and It) glossy types were de- 
rived. The dulls all bred true for dullness. Of the !(> glossy-seeded 
plants the clawSsification of the progeny of (me, (> glossy and 4 didl, 
was doubtful because of inunaturity. Of the 15 others, 3 produced 
only glossy-seeded plants while 12 j)ro(luced 255 glossy-seeded and 
90 dull-seeded plants in the F^ generation. Among the dull-seeded 
plants varying degrees of dullness or lack of gloss occurred. 

Cover crops have been limited to two genera, Tcphrosia Candida 
and Crotalaria spp. The effect of the length of day, and in conse- 
(juence the season of planting, was very pronounced on T. Candida, 
|)lantings of which were made every season. Of eight species of 
(^rotalaria, which were planted for comparative purposes, (J, juncea 
at 2^ months after seeding had made the best development. 

BOOT CIU)PS. 

Sweet potatoes, — Of 36 varieties tested, Key West again led in 
l^roduction, yielding a little over 132 pounds of roots, or more than 
2^ pounds per linear foot of row. White Belmont ranked second, 
with a prodiiction of 108^ pounds, or approximately 2 pounds to the 
linear foot. The planting was made in better soil than was the case 
last year, and the yields were much higher. The most promising 
varieties have been distributed. 

Yams. — The yam crop was planted in much poorer soil than the 
year preceding, and gave in consequence much smaller crops with a 
smaller difference in yield between the staked and unstaked vines. 
In eight of the nine varieties grown, the yield of staked vines ex- 
ceeded that of unstaked, and in the other the difference was less 
than 1 per cent. For the whole planting the staked vines averaged 
a 41 per cent greater yield than the unstaked. A recent yam acquisi- 
tion, S. P. I. No. 46801, led all varieties in yield, exceeding its nearest 
competitor by 20 per cent and all competitors grouped by 77 per cent. 

Yantias and taros. — In a test with 8 varieties of yautias and 4 
varieties of taros, a spacing of 18 by 36 inches was compared with 
one 36 by 36 inches. In each variety the wide spacing gave greater 
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yields per individual plant, and for each tare variety the yield 
from equal areas was greater with the wide spacing, but for 7 of 
the 8 yautia varieties the yield from the nanow spacing exceeded 
that from the wide spacing for equal areas planted. If the yautia 
varieties are considered as a unit, the yield from the narrow spacing 
would be 19 per cent greater than from the wide spacing. 

MANGOES. 

The mango orchard now contains more than 500 grafted trees and 
numerous seedlings. It is thought that in time the collection of 
trees in this orchard will be one of the most comprehensive in the 
Western Hemisphere. During the year 41 seedlings, springing from 
15 seed of a polyembryonic variety, Cambodiana, were added to 




Fio. 1. — Fernandez mango (S. P. I. No. 10117). Tiw bore over 200 fruits. 



those already in tlie field to test tlieir variation. Of those which 
have fruited to date, approximately half have come true to the 
parent type, and the others have shown some variation, but in most 
cases not enough to lessen their market value greatly. 

The crop was unusually heavy this season, but was partly de- 
stroyed by the melon fly. Eight Philippine seedlings (PI. I, fig. 1) 
bore fruit, most of which was diseased or fly stung. Practically all 
of those tested contained a high percentage of acid, due probably to 
premature dropping and ripening. 

The variety Mekongensis fruited this season for the second time. 
In appearance and manner of production the fruit resembles tho 
Philippine variety, but lacks the disagreeable acidity of the latter 
and ripens better. Representative fruits weighed from 200 to 350 
grams (7 to 12 ounces) . In form the fruit is elliptical, except for a 
concave depression on the apical half of the ventral side. In color it 
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varies from orreenish yellow to deep yellow, t inured ocoasiomiUy with 
pink. The texture is good, but somewhat more Hbrous than that of 
the variety Cambodiana, to which both Mekongensis ami the Philip- 
pine mango are closed v related. 

Chempadan, a variety introduced from Ceylon, fruited for the 
tirst time in sufficient quantity for testing (PI. I, fig. 2). In this 
variety sweetness and acidity are Avell proportioned, and the flavor 
is very pleasant. The general form of the Chempadan is sub-ovoid, 
:ind in cross- section, round. In color it is orange, dotted with 
numerous green and black lenticels, and shows some russcting and a 




Fig. 2. — Jack fruU. Weijrht. 20^ pounds: r«h1r, 2J poiindB. 

faint gray bloom. Fiber is thickly set over the ventral margin of the 
seed, but it is not as objectionable as that found in the Porto Rican 
mango. Representative specimens weighed from 125 to 300 grams 
(4 to 10^ ounces). Nearly all the fruits were found to be injured by 
larvje of the melon fly, the interior showing a corky development in- 
stead of the usual soft rot occurring in Cambodiana and a number of 
otlier fly-infested varieties. 

Fernandez (fig. 1) and Itamaraca fruited well and continue to 
give promise as valuable varieties for this locality in regard to 
both quality and quantity of fruit. 

AVOCADOS. 

Of a large number of Guatemalan avocado trees which were re- 
ceived in 1911), several blossomed during the year and set fruit which 
later dropped. The trees are rather small as yet, but their early 
fruiting tendency is promising. 

00205—2.3 2 
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JACK FBITIT. 

The jack fruit (Artocarpus integrifoUa) bore some large fruit 
during the year. (Fig. 2.) 

COCONUTS 

The coconut fertilizer work was considerably extended during the 
year, cooperative experiments being conducted in three different 
localities. In a plantation of 8-year old coconut palms where the 
average yield in 1921 was only 11 nuts per tree, a yield averaging 
45 nuts per tree was made on a plat to which common salt (sodium 
chlorid) had been applied. This plat continues to outyield other 
plats which received various fertilizer combinations. Having shown 
such pronounced effects here, sodium chlorid is being tested on an 
extensive scale in another plantation and on a third in contrast to 
t wo forms of potash. Nearly 500 palms are included in the coconut 
fertilizer work and individual records are kept of each palm. 

COFFEE. 

The cooperative fertilizer test with coffee was continued during 
tlie year as outlined last year.^ Indications are that nitrogen and 
potash are relatively more important than is phosphoric acid as a 
fertilizer for coffee on the soil tested. It might, however, be ad- 
^'isable to apply a complete fertilizer if mineral fertilizers are to be 
used. The form of nitrogen continues to show itself most important 
in a field test under way. The trunk diameter of trees which were 
fertilized with ammonium sulphate was 22 per cent greater than 
that of trees fertilized with sodium nitrate, while the crop of the past 
season was 72 per cent greater for the former than for the latter. 
It is thought that the fertilizer experiments with coffee have 
progressed sufficiently to permit of the publication of the results 
within the near future. 

Among the imported coffees, Excelsa is very promising for plant- 
ing in certain sections of the island where the leaf miner severely 
damages the Arabian coffee. In growth this variety is very vigor- 
ous and in yield it is promising, the second crop from a planting of 
40 trees averaging more than 4 liters (3.8 quarts) of berries per tree. 
This is the best of the coffees of the Liberian group so far tested by 
the station. 

VANILUV.. 

Experimental work under way with vanilla had to be abandoned 
due to a root disease, presumably Fusarium sp. One planter mar- 
keted over 200 pounds of cured beans from his first crop and estimates 
that there are still 1,000 pounds or more on the vines. It is hoped 
that the success attained on this plantation may serve as an induce- 
ment to others to grow vanilla, more especially where old coffee 
trees are to be replaced. This may be done by interplanting coffee 
with vanilla after the old shade has been removed. By the time the 
new shade, which also serves as a support for the vanilla, is es- 
tablished and the vanilla comes into bearing, the old coffee trees may 
be removed and younger trees set throughout the planting. In this 
way the coffee may be renewed in connection with vanilla plantings 
at'little expense. The land may be used for a single planting of 
vanilla, or it may be occupied by vanilla through a number of years. 

-Porto Rico Sta. Rpt. 1921, p. 12. 
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Plate I. 



^^^^Ha^^^^^^ f 




# 


TrTTpi 



Fig. I.- Philippine Seedling Mango. 




Fig. 2.— Chempadan Mango. 
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PLATE II. 




Fig. I. Grapefruit Showing Trace of Scab. 




Fig. 2. Grapefruit Showing Some Scabby Areas. 
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Plate ill. 




Fig. I. Grapefruit. Badly Scabbed, but not Knotted. 




Fig. 2. Grapefruit. Badly Scabbed and Knotted. 
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PLATE IV. 




FiQ. I. — Sound Grain. 



Infected Grain. 




Fig. 2. Germinating Infected Grain. Note Absence of Roots. 




Fig. 3.— Characteristic Spotting of Leaves. 
HELMINTHOSPORIUM DISEASE OF RICE. 
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REPORT OF THE PLANT BREEDER. 

By Thomas Breggeb. 
GENEBAL WORK. 

During the year work was continued with corn, rice, eggplant, soy 
beans, cowpeas, and mungo beans. 

Com, — ^An ear-to-row cooperative experiment, liaving for its 
object the isolation of good strains of corn that are well adapted to 
the region and the demonstration of the value of seed selection 
over crib selection, was conducted in southwestern Porto Rico during 
the year. At the station Venezuelan corn from the delta of the 
Orinoco and native corn are under trial. 

In the work of cross-breeding native corn was pollinated with 
Venezuelan and with sweet and field corn from the mainland. A 
few Fi progenies of crosses with Venezuelan and mainland field 
corn varieties produced a small quantity of seed notwithstanding 
the insufficient irrigation. These second-generation seeds were 
planted with remnants of the first generation in the crop for 1922. 

Rice, — Of the 178 diiferent varieties or strains of rice which were 
turned over to the plant breeder in 1920, 118 came from the mainland 
and 60 were selected from native rice. With the cessation of the co- 
operation of the office of cereal investigations. Bureau of Plant In- 
dustry, United States Department of Agriculture, due to lack of 
funds for adequately carrying on the work, it became necessary to 
reduce the number of strains. 

All the varieties were grown on the dark clay bottom lands of the 
station in 17-foot rows 3 feet apart. Every fifth row was planted 
to the Honduras variety and every tenth row to Wataribune rice as 
a check. Available records of four different plantings made during 
1918-1920 show that the mean yields of Wataribune were too low to 
permit of the elimination of a greater number of strains, and the 
Honduras variety was used therefore instead. All strains exceed- 
ing the mean yield in two or more plantings were saved. Of these, 
29 from the mainland and 11 from Porto Rico were selected for 
further trial. 

Cowpeas^ soy heans^ and mimgo hean^. — While the yields of cow- 
peas for the two years are as yet scarcely comparable, it is interesting 
to note that New Era, a variety originated by the Hawaii Experiment 
Station, ranks first in yield for both 1921 and 1922. Conch and 
Brabham are consistently low for the two years. Seeds of many 
varieties of cow))eas have been introduced and distributed by the 
station within the past 20 years, but it has not been possible to 
follow up these distributions to determine what degree of success they 
have attained. 

Of six varieties of soy beans, Biloxi and Otootan set a large 
number of pods, but were attacked by a disease which caused prac- 
tically all of the seed to shrivel in the pods. Only sufficient seed 
for one plat was obtained of the Hahto variety and it germinated 
poorly. Individual selections of this variety are being made in the 
nope of obtaining a strain that is more adaptable to Porto Rico than 
the present type. Hahto has fairly large, nat green seeds suggestive 
of Lima beans and might be useful in the human dietary as a sub- 
stitute for them, either dried or green. Individual selections of 
Mammoth and Haberlandt soy beans were also made and planted 
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in progeny rows, jind mass selection of niiingo beans and cowpeas 
were carried on. 

Eggplant, — First generation plants of a eross l)etween New York 
Improved and the native striped Pompona were pown during the 
winter and the yield per plant and measurement of individual fruits 
were recorded. The fruit of the hybrid is of intermediate size and 
shape and of purple color showing the underlying striped pattern 
of Pompona near the apex. Seeds from matured fruits of the first 
generation plants were saved with a view to making extended plant- 
ings of the Fg plants. 

Kidney heans. — Mass and iiulividual selections of the red kidney 
bean, known on the local market as Americana, together with an 
anthracnose-resistant white bean, obtained from Cornell University 
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Fig. 3. — Native white corn. Space between rulers, 9 inches. 

under the number F13, were planted to obtain natural crosses from 
which a strain of disease-resistant w^hite bean, adai:>ted to Porto Rico 
conditions, might be developed. 



EEPORT OF THE ASSISTANTS IN PLANT BREEDING AND 
HORTICULTURE. 

By W. P. Snydkr and J. A. Saldana. 

SUGAR CANE. 

Due to the unusually poor germination of arrows, the work in 
seedling cane production was a disappointment this year. About 
15 protected crosses were attempted, not one of which produced a 
seedling. Bud selection with cane has been started to obtain (1) 
strains having a high sucrose content, (2) stools having a large 
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number of canes of greatest vigor, and (3) stools having the gixjat- 
est weight. 

FIELD COBN. 

A small planting of field corn was made in January in ()rder that 
studies on correlation l)etween plant charactei*s and yield might 
be continued. (Fig. 3.) Tests in which selection is based on plant 
and ear characters are being continued. Several abnormal charac- 
ters have appealed in the self-pollinated strains as well as in some 
of the open-pollinated types. 

SWEET COBN. 

The station is still endeavoring to develop a variety of sweet 
roin that will be adaptable to island conditions. Some progivss 




V^ic. 4. — Native white X Henderson's sugar com. Space between rulers, 9 inches. 

!kis l)oen noticed in the F^ plants and in tlie F^ ears of the hyl)ri(l 
under consideration. The parents of the hybrid (fig. 4) are Hen- 
(lerson*s Sugar, a vigorous variety of sweet corn, and a white native 
variety of field corn. Henderson's Sugar failing to produce seed, 
the station is continuing its experiments with Henderson's Astor 
for comparison with the hybnd corn. Henderson's Sugar and 
Henderson's Astor are very much alike. In height, number of rows 
of kernels, and period of maturity, the hybrid occupies an inter- 
mediate position between the parents. Of 190 F, hybrids, 131 were 
vigorous, which feature is very much desired in the work of hybridi- 
zation. Henderson's Astor produced no vigorous plants. The 
white native corn produced 90.7 per cent vigorous plants in 1922, 
and a slightly less number in other plantings. Yield, based on 60 
plants, for three types, was in the order of merit for the 1922 plant- 
ing, white native corn, 6.11 kilograms (13 pounds 7 ounces), hybrid, 
'2.6 kilograms (5 pounds 11 ounces), and Henderson's Astor, 125 
grams (4 ounces). 
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WHEAT. 

Varieties of Indian wheat were a^^ain tested on a small scale dur- 
ing the dry season. The kernels of many of the varieties were con- 
siderably shrunken and the yield of grain was very poor, the crop 
having l)een severely damaged ))y a fnngns resembling a Ilelmin- 
thosporiimi. (Fig. 5.) Seed of the few plants making vigorous 
growth and j)roducing a good crop of pluni)) kei'nels was saved for 




Fig. 5. — Conidiophore and spores of Hehnint}io8porium sp. from wlu'at. 

further trial. A crop is being grown under glass to multiply the 
more promising kinds and to permit of the observation of the effect 
of different soil treatments on yield of grain. 

TOMATOES. 

Tomato breeding work has for its object the selection of strains 
which are resistant to wilt, and improvement in the yield and type 
of fruit produced. The progenies of a number of individual wilt- 
resistant plants, grown in a plat producing a badly diseased crop of 
tomatoes last year, showed some apparently significant differences in 
their ability to resist wTlt. The more promising selections obtained 
will be further tested. 

The main planting, comprising about 1,200 plants, is located on 
land that had not been previously planted wnth tomatoes. This 
planting produced a very good crop which was only slightly damaged 
by disease. 
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The yield of Insiilur Station Tomato No. 44:iXl)ii*nuM* cross ^^a^ 
unexpectedly high in view of the red notion in yield of the Fj fjen- 
eration due to wilt. All tlie second and tliird «2:eneration j)ropenies 
of the past season were highly variahle and promising selections 
were made from each of them. Pi-olific crossed wMth Stone and 
(llnbe with Prolific produced several fruits, each weighing a pound 
or more. One row of 48 ])lants did remarkably well, producing on 
the average 925 grams ('J. 04 pounds) of fruit to the plant, although 
they were not watered after their fii*st day in the Held and the nun- 
fall during their growth amounted to only 10.77 inches. 

MUSKMELONS. 

Third and fourth generation plants of a native nniskmelon crossed 
with Salmon Tint Pollock and with Hybrid (""asaba j)roduced fruits 
having both hard and soft rinds. None of the fruit came uniformly 
true to seed. Further selection will be made for yield, (|ualitv, 
uniformity of type, and for resistance to ntildew. 

BANANAS. 

Plants which were selected for resistance to the Pananui disease 
made slightly more vigorous growth than did unselected plants. 
Tobacco stems and wood ashes when a])plied to the soil had no ap- 
I)arent effect on plant growth or on the dis(»ase. 

MISCELULNEOUS WORK. 

Seedlings of the Duncan and Triumph gra])efruit cross, 2.J years 
old, set out in the spring, made fine growth. 

At 15 montlis after planting, biennial whit(» sweet clover made 
light growth and produced practically no seed. It gave place to 
grass and weeds and did not seem to l)e adapted to island conditions. 
Seed of Hubam clover, raised from a few plants during the spring, 
will be given further trial. 



REPOET OF THE ENTOMOLOGIST. 

By W. V. TowKR. 
CITBUS SCAB. 

Citrus scab is the worst pest with which the citrus fruit grower 
in Porto Rico has to contend. During the early years of the indus- 
try only young trees were attacked, but within recent years many old 
trees that once bore fine crops have produced fruit that is practically 
worthless for shipping. 

A cooperative spraying experiment for citrus scab, started with 
one of the largest growers on the island, has given encouraging re- 
sults during its first season. Some 3,000 trees setting blooms in 
December, January, and February were given four sprayings w ith a 
3-4-50 Bordeaux oil emulsion carrying one-half per cent of oil. 
Usually the early winter bloom is not heavy, and when it comes 
during a cold rainy period, such as this did, the fruit is likely to 
be scabby. The first blooms appearing December 15, being few in 
number, were not sprayed until December 29. The second spray- 
ing was applied January 27, the third February 13, and the fourth. 
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March 9. No definite spraying program could be adhered to owing 
to the verjr unsettled weather and the small amount of fruit set 
from the hrst blooms. Fruit coming on after the final application 
of Bordeaux oil emulsion had been made was sprayed with lime and 
dulphur to kill the rust mites which were appearing. These trees 
produced 94.4 per cent clean fruit, 5.2 per cent showing a trace of 
scab, and 0.4 per cent which was spotted with scabby areas. 

Trees in a check plat where the groves were the most severely 
infected and on which the early morning sun did not shine, gave 
10 per cent clean fruit, 44.7 per cent showing a trace of scab 
^Pl. II, fig. 1), 27.5 per cent showing some scabby areas (PI. II, 
ng. 2), 17.5 per cent which was badly scabbed but not knotted 
(PL III, fig. 1), and 0.3 per cent which was knotted and literally 
covered with scab (PI. Ill, fig. 2). Sprayed trees in the same 
grove produced 90.6 per cent clean fruit, 9.3 per cent showing a trace 
of scab, and 0.1 per cent showing some scab areas. 

Groves in the same vicinity showed a very high scab infection. 
One unsprayed grove produced 3.5 per cent clean fruit, 17.3 per cent 
showing a trace of scab, 24.4 per cent showing some scabby areas, 
50.3 per cent which was badly scabbed but not knotted, and 4.5 per 
cent which was knotted and literally covered with scab. 

Another grove on the same property was divided into three plats, 
the first two of which were sprayed four and two times, respectively, 
jind the third of which was left unsprayed. The yield of clean fruit 
per plat was 91.2, 83.9, and 24.5 per cent, respectively. 

A grove of 900 trees, sprayed January 13 and April 12 with Bor- 
deaux oil emulsion (3-4r-50, to which was added ^ per cent of oil 
emulsion) produced 97.3 per cent clean fruit. Those trees set a very 
heavy bloom on May 11 and the grove was sprayed with lime and 
sulphur. 

Another grove of 800 trees, which also blossomed late, was sprayed 
on April 5 and May 8 with Bordeaux oil emulsion. The blossoms 
appeared April 29 and were heavy May 9. The trees produced 93.8 
per cent clean fruit, 6 per cent showing a trace of scab, and 0.2 per 
cent which was slightly spotted with scabby areas. 

Recent tests with the oil emulsion were made at the station with 
grapefruit trees bearing 6-months-old fruit. The solution applied 
had the following strengths, 1, Ih 2, 2i, and 3 per cent of oil emulsion, 
and where applied neither the leaves or fruit burned nor did the 
leaves drop. 

In all tests made Tvith Bordeaux and oil (3-4r-50~0.5), only a few 
of the young shoots burned. No small fruit or open blossoms were 
injured by this strength of spray. A few unopened blossoms burned 
and dropped, but no serious loss of leaves occurred. 

The results obtained with Bordeaux oil emulsion are most encour- 
aging, but the spray should not be used unless the grower is prepared 
to fight the scale, which is sure to follow. The campaign snould be 
well planned and the spray thoroughly applied. Only the best 
spraying material should be used and a constant watch should be 
maintained for scale and rust mites. 

For any extended spraying program with Bordeaux oil emulsion, 
sufficient stocks of concentrated solutions of lime, copper sulphate, 
and oil emulsion should be made separately and stored m advance so 
that everything will be ready when the rush of spraying starts. 
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E£POBT OF THE SPECIALIST IN FAEM MANAOEHEHT. 

By H. C. Henricksen. 
THE CITBrUS FBUIT INDUSTRY. 

At the beginning of the shipping season 1921-22 freight service 
between Porto Rico and New York was inaugurated by a steamship 
company having three vessels, two of which had refrigeration and 
ventilation and were capable of carrying upward of 40,000 boxes 
of fruit each, and the third of which had ventilation but no ref rigera- 
tion. At the beginning of the shipping season 1922-23 another steam- 
ship company installed refrigeration and ventilation in a large vessel 
plying between Porto Rico and New York with the result that the 
entire fruit crop can now be shipped, and with less loss than for- 
merly, provided the recommendations made by the experiment station 
are followed. 

Facilities were provided by the first-mentioned company to enable 
the writer to observe conditions in the various holds of its vessels. 
Two trips were made from Porto Rico to New York with fruit which 
was literally followed from the field to the consumer. This work 
terminated the investigations undertaken to ascertain some of the 
factors affecting the price of citrus fruit, and tlie results were pre- 
pared for publication during the vear. 

Laboratory tests were undertaKcn during the latter part of the 
year for the purpose of helping local growers overcome some of the 
difficulties encountered in artificially coloring fruit by means of gases. 
It was found that practically all gases may produce spotting of the 
rind when they strike the fruit with some force, and that a chemi- 
cally active gas, such as chlorin or sulpliur dioxid, when aUowed to 
settle on the fruit, may produce spots on the rind. It was also found 
that vapor of ether, chloroform, and ethylene impart an odor or 
taste to the pulp, and that all or any mixture of gases or vapor in 
which there is little or no oxygen cause the fruit to develop an 
impleasant odor or taste after 24 to 48 hours. Loosening of the stems 
may occur, resulting in Diplodia decay, when the fruit is exposed for 
considerable time to any gas except oxygen. " Popping of the 
stems," however, is not caused by the gas, but rather by the mixture 
of an insufficient amount of oxygen with the gas. It may be pre- 
vented by forcing fresh air into the coloring room in such quantity as 
t-o keep the oxygen supply at about 15 per cent of the atmosphere, 
and by keeping the air in motion. The results of the investigation 
suggest the even distribution of the gases by means of a fan placed 
outside a coloring room having inlet and outlet tubes. This will 
permit of the room being kept closed and the air rotated instead of 
renewed. The supply of gas should be ample and contain a higher 
percentage of acrid substances than is found in the exhaust products 
of gas engines. For this purpose the heavier oil products, such as tar 
or pitch, should be given a thorough trial. The mixture of gas and 
air should, contain enough oxygen to provide for the unhindered 
respiration of the fruit and also enough gases of the kind that at- 
tacks coloring matter to produce the desired color change. 

PINEAPPLES. 

The pineapple is one of the most profitable fruit crops in Porto 
Rico when growing conditions are favorable. Due to an apparent 
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soil exhaustion independent of the plant food supply and to a de- 
terioration of the plant relative to the production of fruit and slips, 
this is not always the case. Slips whicli formerly had free entrance 
from Cuba are now admitted sunject to a duty of 25 per cent ad va- 
lorem. This and the increasing scarcity of slips will likely curtail the 
pineapple industry in Porto Rico unless some method is found for the 
local production of sufficient vigorous and prolific slips to plant 
new fields. Much research work covering several years is involved 
in the study of these problems, but when it is finished the results 
should furnish answers to many problems in addition to those men- 
tioned. 

MISCELLANEOUS WOBK AT THE SAN JUAN OFFICE. 

Agricultural Extension Notes dealing with original research work 
and subjects of a popular nature were again published during the 

In January the writer ^ave a series of lectures at the insular ex- 
periment station at Rio Piedras to all the field agents of the insular 
department of agriculture and labor and to the agricultural teachers 
of the department of education. The lectures dealt with tropical 
horticulture and farm management adapted to local conditions. 

Films and slides, obtained from the United States Department of 
Agriculture, were used to illustrate othvU- lectures of an educationai 
nature. 



REPORT OF THE ACTING PLANT PATHOLOGIST. 

By C. M. TucKKK." 
A BROWN SPOT DISEASE OF RICE (Helminthosporium sp.) 

The rice harvested from 37 test plats during the past season w^as 
observed to be discolored, in many instances, by small brown spots 
on the glumes (PI. IV, lig. 1). 

Early evidence of infection on the seedlings appeared at the collar, 
where a brown ring was apparent just below the first leaf shoath. 
The ring of infected tissue usually girdled the seedling. This ring 
is of light color and gives the infected area the appearance of being 
in the first stage of decay. The infection was usually confined to the 
outer layers of the collar tissues and did not cause the immediate 
death of the seedling. The young leaves were spotted with small 
oval, brown spots extending through the tissue to both sides of the 
leaf and often elongate in the direction of the long axis of the leaf, 
which w^as killed in many instances. Brown lesions sometimes 
appeared on the first leaf sheath, extending through the tissues but 
not penetrating the young inclosed leaf; the latter, however, usually 
developed spots of infection after emerging from the sheath. The 
roots of infected seedlings turned brown and died as the fungus 
progressed along them. In some instances, seedlings W'cre killed by 
root infection alone, exhibiting no evidence of infection on the leafy 
portion (PI. IV, fig. 2). In test tube cultures all the seedlings 
having infected roots died, wliile a fcAv of tliose sliowinjr leaf in- 



» Affiliated with the Porto Rico College of Airriculturo and employed temporarily by 
the station. 



PORTO RICO AGRICULTURAL. EXPERIMENT STATION. 



17 



fection only, recovered. In each instance the death of the scHHlIing 
was followed by the appearance on the roots and collar of a gray 
mycelium whicfi grew and boi^ spores abundantly. As the plants 
matured the leaves became spotted with oval or elongated, dark 
brown, while in the center of each spot there was a gray area of 
dead tissue containing the mycelium (^Pl. IV, fig. 3). The spots 
on the grain appeai^ed as very small circular or oval, dark brown 
discolorations, shading toward the edge of the spot to a lighter 
lirown. A portion of the grain had spotted endosperms which were 
so deep as to fail to l>e removed during milling and polishing. 




!'!•.. ♦>.- Conidlophore. spores, and Ufrmlnotiug spore of UrlmijitfiospftHum s[). tvom vice. 

The plants were classified as to infection on coleoptile, root, or on 
both, to determine where the first symptoms appeared and to get the 
infection and germination percentage of each seedling. Many of the 
^^eeds germinated poorly and were covered with a mycelium char- 
acteristic of Helminthosporium. Seeds which failed to germinate 
supported a thick growth of the fungus. More than half of the 
infected seedlings snow^ed symptoms of infection on both root and 
coleoptile, which seems a natural result of infection by a seed-borne 
organism. Of the 207 infected seedlings, 176 died before reaching a 
height of 6 inches. 

Evidently the fungus does not penetrate the leaves in every case of 
coleoptile infection. The soil is a better medium for the growth of 
the seedlings than is the nutrient solution and increases their power 
of resistance. 
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Examination of the mycelium from diseased seed, seedlings, roots, 
etc., proved it to be of the same fungus {Helminthosporium sp.). 
Pure cultures were obtained by making direct transfers from these 
colonies to potato agar slopes. Investigations failed to disclose evi- 
dence of a sexual or perfect stage of the species. It is thought that 
secondary infections occur on the leaves and heads from primary 
seedling infections and that diseased seed will produce a diseased 
crop. Disease-free seeds planted in the field at considerable distance 
from other rice produced seedlings showing no symptoms of the dis- 
ease, but when the plants had reached a height of 6 to 10 inches the 
characteristic spots began to appear on the leaves. This particular 
type of infection seemed much less virulent than the seedlmg infec- 
tion and could not have had its source in the soil, since rice had not 
been planted there in recent years. The infecting spores may have 
been carried by the wind from distant fields or from other hosts of 
the fungus. Further investigation will determine whether any of the 
species are identical with the species of Helminthosporium attacking 
cereals and common grasses (figs. 5 and 6). Soil infection is a pos- 
sibility if not a probability, but results to date indicate that seed 
infection is the primary source of disease. 

Preliminary results at the station indicate that chemical disinfec- 
tants are of little value in controlling seedling blight of rice. The 
most practical means of control would seem to be in the selection of 
clean seed. Infection may readily be distinguished by the brown 
spotting on the seed coat. Examination of a sample of seed will 
easily determine the appix)ximate percentage of infection. 

A DISEASE AFFECTING aBAPEFBTJIT TBEES. 

Numbers of grapefruit trees are dying in the Manati section from 
a disease which seems to have had its origin in a single tree and 
thence spread slowly but constantly in all directions. Affected trees 
assume a chlorotic appearance, the leaves turning yellow and the 
young growth showing more or less frenching. So far as it is 
known, affected trees have never been restored to normal condition. 
Ferric sulphate sprays, copper sulphate solutions as a soil drench, 
and heavy applications of various fertilizers have been of no avail. 
Slightly decayed specimens of the roots of dying trees were found 
to support a large variety of saprophytic fungi. A large number of 
plates, made by covering small bits of surface-sterilized root with 
agar, showed the constant presence of a FiwaHwrii sp. This organ- 
ism makes very sparse growth on agar media and on grapefruit leaf 
agar, but grows rapidly and produces an abundance of white my- 
celium on sterilized grapefruit roots. The freshly cut root of seed- 
lings, when placed in contact with fungus-covered pieces of root, 
showed no evidence of disease. 

The affected trees are growing in a red clay soil which is neutral 
iTi reaction. It may be that this soil contains m an unavailable form 
some essential plant food for these trees. The slow spread of the 
disease may be explained by some such peculiar slow change going 
on in the soil and subsoil. It is doubtful if an organism is respon- 
sible for the disease. As yet no recommendation can be made for 
its control. 

O 
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EEPOET OF THE AOEONOMIST IN CHAEGE 
By D. W. May 

During the fiscal year the work of the station was conducted 
along the same general lines as in the previous year. Definite prog- 
ress was made in all activities, and results on the whole were satis- 
factory. 

The mosaic disease of sugar cane, which in past years consider- 
ably decreased the yield of sugar, has been brought under control 
to a considerable degree by growing immune or apparently immune 
cane varieties, and by roguing the fields of infected stools. In order 
to overcome losses due to various factors, the station is growing new 
varieties from seed in the tassel, studying the fertilizer require- 
ments of cane soil, practicing a rational system of rotation by plant- 
ing velvet beans and Crotalaria in the whole field and cowpe^s and 
l)eans in the young cane, and installing up-to-date machinery to keep 
down the growing cost of labor. 

There has been small increase in the area planted with coffee, 
notwithstanding the fact that some of the varieties introduced by 
the station are being successfully grown. The main hope of the 
coffee industry lies along the line of diversification. 

Since the American occupation, fruit growing has made the greatest 
gains of any of the industries. An indication of the great increase 
in all lines of production is perhaps best reflected in the external 
trade of the island wiiich has, in less than 25 years, grown from 
^17,000,000 to over $200,000,000 annually. 

1 
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BUBAL CBEDITS 

The Federal farm loan act (approved July 17, 1916), enabling 
farmers to borrow money on farm-mortgage security at a rate of in- 
terest not exceeding 6 per cent, has been extended to cover Porto 
Kico. Loans of the character authorized by this act are assisting 
many of the farmers to clear off old debts on which they have been 
paying 12 per cent. The latter rate, while legal on the island, is 
disastrous for the farming industry, more especially since notarial 
fees, the cost of registration, and the annual tax on the mortgaged 
property must be paid in connection with it. 

«-=- BEFORESTATION 

In order to provide the forests for water conservation and otiter 
purposes, the station has planted approximately 10,000 mahogany 
trees {Swietenia macrophytla) on the 200-acre tract on the mountain 
above Mayaguez. The trees are making good growth, varying with 
the type and quality of the soil. Other trees doing well include 
campnor, mango, antl avocado. Leguminous nurse trees, such as the 
cojoba {Copaifera hymencei folia) and dwarf bucare {ErythriTia 
corallodendron) , are being planted in the more sterile places. Dwarf 
bucare grows readily from cuttings, affords shade for coffee, and 
serves as a windbreak for citrus and as a support for vanilla. (PL 
I, fig. 1.) Velvet beans should be planted as a cover crop after the 
bucare is started. Other legumes adapted to forest planting while 
the trees are young include peas, beans, Crotalaria, peanuts, and 
sweet clover. 

ANIMAL INDUSTBY 

Cattle, — As a result of the introduction of purebi^ed bulls, the 
dairy cattle of the island are beginning to show noticeable im- 
provement in capacity and in general conformation. Dairy prac- 
tices, too, are more in accordance with sanitary rec[uirements than 
was formerly the case. A new concrete dairy buildmg was erected 
durinff the year (PI. I, fig. 2.) Cattle, when they can be afforded, 
lend themselves to the permanent development of the countr}\ 

During the year, four purebred Guernsey heifers and one bull 
were added to the station herd, which formerly consisted of native 
cow^s crossed with purebred bulls. The cattle tick {Margaropns an- 
nulMus) has been brought under control sufficiently to permit of 
the importation of purebred cattle bv the general stock farmers, 
while the successful growing of elephant and Guatemala grasses, 
and other crops suitable for grazing purposes, would seem to assure 
an abundance of nutritious feed at all times for the animals. (PI. II, 

Pigs, — Pigs thrive in Porto Rico, bnt are employed largely as 
scavengers. The number of grain and root crops suitable for pig 
feeds Siould be increased if pig raising is to become an industry. 

Poultry, — Although poultry can be produced at a profit in Porto 
Rico, both refrigerated fowls and eggs continue to be imported at 
high prices. The few fowls which are kept on the farms subsist al- 
together upon the " pickings " about the yards and stables. Poultry 
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should occupy an important place in the diet of tlie million and a 
quai-ter people on the island and l)e a means of increasing the revenue 
of the small farmer. 

VEGETABLES 

Results of experiments made to determine the adaptability of 
northern varieties of vegetables to island conditions indicate that, 
with good seed and proper cultural methods, turnips, tomatoes, kohl- 
rabi, peppers, okra, carrots, and peas can be prohtably grown here. 
(PL II, ng. 2.) Pea seed, however, should l)e planted in inoculated 
soil, or should be inoculated with the proper bacteria, which can be 
obtained from the station for the purpose. The crop makes small 
growth when the soil is not inoculated. 

FLOWEBS 

Mainland flowers doing well at the station include nasturtiums, 
zinnias, snapdragons, violets, balsam, petunias, phlox, and sweet 
peas. Only the summer flowerinor sorts of sweet peas should be 
planted, as the othei's do not produce blossoms. When the soil is 
planted with sweet peas for the first time it should be inoculated with 
nitrogen-fixing bacteria. 



EEPORT OF THE ASSISTANT CHEMIST 

By J. O. Cakkkko 

MANAGEMENT OF CANE SOILS 

The study of nitrogen economy in cane soils was continued, the 
first ratoon crop being harvested early in the year. This ratoon 
sprung from plant cane that had been damaged by a storm in 1921 
and some of the stools died as a result. The experiment is being 
carried out on a fairly rich clay soil which, as the result of having 
received fair amounts of fertilizer as well as lime in other experi- 
ments, failed to give striking results in the first trial. Since nitro- 
fen is apparently the fertinzing element which is the controlling 
actor in cane production, the plats were given liberal applications 
of phosphoric acid and potash, the nitrogen being supplied in the 
form of nitrates, and through the agency of a green-manuring crop. 
Certain sections were limed, and others were left unlimed to serve 
as checks. When no nitrogen was used, the unlimed plats yielded 
one and one-half times as much as did the limed plats, the gains 
holding regardless of whether green manure was used. When nitro- 
gen was applied, the unlimed plats were still ahead of the limed 
plats in vield, but the difference between them was small, especially 
when sodium nitrate was used as the source of nitrogen. In the first 
ratoon crop, the unlimed plats were in the lead, the yield being more 
pronounced than was the case in the plant cane crop. Small gains 
were made by plats of plant cane, and large gains by plats of ratoon 
cane, following treatment with green manure. 

With the addition of nitrogen, the unlimed plats of plant cane 
gave a slightly higher yield than did the limed plats, regardless of 
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whether green manure, sodium nitrate, or ammonium sulphate was 
used. In the case of ratoon cane, the same differences, though far 
greater than for plant cane, were observed in favor of the unlimed 
plats. A comparison of the plats showed that nitrogen produced a 
greater gain on the limed than on the unlimed plats. 

Apparently lime considerably depressed the effect of the phos- 
phoric acid used on the limed plats, since the increase in yield of 
the nitrogen plajts over those receiving no nitrogen was not suffi- 
ciently large to overcome the gain made by plats to which soluble 
phosphates and nitrogen were applied in combination. The experi- 
ment will be continued for some time to determine the full effect of 
the different forms of the nitrogenous fertilizers applied, as well as 
the residues, on nitrogen utilization. Data will be kept regarding 
the fertilizing elements used by the crop, the amount returned to the 
soil in the trash, the ash burned in the form of bagasse, and the 
quantity in the cane juice. 

STUDY OF SULFOFICATION OF POBTO BICAN SOILS 

The various sulfofication experiments being carried on are arous- 
ing considerable interest. Especially is this true of the experiments 
in which raw phosphate is being converted into soluble form by 
sulfofying bacteria. The numerous caves of the island contain tons 
of deposits of bat guano, which is not in an immediately available 
form owing to its tricalcium phosphate, and in many cases, calcium 
carbonate, nature. Plans for sulfofication experiments with bat 
guano are under way to learn whether it can be converted into a 
readily soluble product. 

ANALYTICAL WORK 

The greater part of the year was devoted to analytical work on 
samples of various crops which were grown in connection with rice 
that became affected with the so-called straighthead disease when 
treated with excessive applications of nitrogenous fertilizer. Ap- 
proximately 200 seedling canes, together with cane from the fer- 
tilized plats, were analyzed. Soil, fertilizer, and other samples sub- 
mitted by farmers, were analyzed in every case where the results 
were thought to be of general agricultural interest. 



REPORT OF THE HORTICULTTJRIST 

By T. B. McClelland 

LEGUMES 

Considerable breeding work was done in connex^tion with the regu- 
lar varietal experiments with beans. Comparative plantings of 66 
rows, each 100 feet long, were made during the latter part of Febru- 
ary, which is about as late as beans should be planted if the crop 
is to be harvested before the heavy rains begin. In 16 of the rows 
the plantings were from selections that had been studied individually. 
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Plate I 




Fig. I. -Dwarf Bucare Planted for Shade and Windbreak for Young 

Citrus Trees 




Fig. 2. -New Dairy Building of Concrete and Tile 
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Plate 1 1 




FiQ. I.— Napier or Elephant Grass on Heavy Clay Soil 




Fig. 2.-CHAMPI0N OF England Peas at Station 
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Drought followed seeding and so retarded germination that the plant- 
ings were in varying stages of development in early April, rang- 
ing from sprouting seed to plants in blossom. The tropical varieties 
again demonstrated their superiority over varieties which were im- 
ported from the temperate regions, showing that of the number tested 
they were best able to withstand unfavorable weather conditions. 
The black Venezuelan yielded in 18 rows on the average 6 pounds 2 
ounces of dry beans. This yield was surpassed by 16 rows, com- 
prising 9 of the black Venezuelan, 5 of white strains which were de- 
rived fix)m a cross with the black Venezuelan, and 2 of buff beans 
that were introduced from Brazil. The maximum yield for the black 
Venezuelan was 9 pounds 10 ounces, and for the white strains 7 
pounds 14 ounces. The two rows of Porto Rican red averaged 3 
pounds 1 ounce. Since the local market objects to the black color 
in beans, it is hardly likely that the black Venezuelan, although 
the heaviest yielder of all varieties so far tested, will ever become 
established locally. Many white selections fi-om crosses with the 
black Venezuelan are being tested, and it ig thought that thei'e are 
some valuable strains among them. 

A variety having mottled seed coat and fleshy pods was received 
from Manchuria (China) during the year. So far it is proving one 
of the most vigorous and productive of the sorts introduced from 
temperate regions. 

Cover crops were again limited to two genera, CrotcHaria spp. and 
Tephrosia Candida. Of the species of Crotalaria, C, jwncea and C. 
striata (large-leafed form), and a variety known at the station as 
No. .04277, attained a height of 125, 90, and 70 inches, respectively, 
at four months from seed. The small-leafed form of G, striata was 
little more than half as high as the large-leafed form, and C. usara- 
moensis^ C, incanay and C, sericea were intermediate in height. C, sagit- 
talis and C, retusa each reached a height of about 25 inches. Due to 
their small growth, these species are not as desirable for cover crops 
as are some of the other sorts. When cut 145 days after planting, 
sections of G. jvmcea and (7. striata gave a fresh weight per acre of 
18.1 and a little less than 16.8 tons, respectively. (Fl. Ill, fig. 1.) 
After the plants were thoroughly sun dried, the weights were re- 
duced to 6.1 and 4.2 tons, respectively. Of the several species grown, 
(7. juncea gave the most satisfaction as a cover crop, making vigorous 
and rapid growth, and smothering out encroaching weeds. G. jimcea^ 
G, sericea^ and G, usaramcensis are all well worth growing as orna- 
mentals. 

A study of the photoperiodism of T. Candida showed that a range of 
2.2 hours in local dav length is sufficient to determine the blossoming 
season and modify decidwily the growth of the plant. The investi- 
gation will be reported upon later. 

MISCELLANEOUS INTRODUCTIONS 

HihisGus, — Although manjr varieties of ornamental hibiscus grow 
in Porto Eico, their number is small compared with the kinds found 
growing in some other parts of the Tropics. Considerable interest 
is being shown in the growing of this plant as a hedge and for orna- 
mental purposes. Cuttings of some of the beautiful varieties have 
been introduced from Hawaii and elsewhere and crossed with the 
widely distributed native sorts. At this writing (June 30, 1923), 
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approximately 250 seedlings have been produced as tlie result of the 
crosses. 

Paraguay tea, — Among other plant introductions which are doing 
well is Paraguay tea {Hex paragwiyensis) ^ which should prove of 
economic value to Porto Rico (PI. Ill, fig. 2). 

BOOT CBOPS 

ISweet "potatoes. — In a comparative planting of thirty-eight 50- 
foot row^s, Madeira led in production, yielding 183 pounds 7 ounces 
of roots. Key West ranked second wdth a yield of 174 pounds 13 
ounces. This production was at the rate of 3^ pounds or more per 
linear foot of row% or 15 to IG tons per acre. Their nearest com- 
petitor, a local variety, yielded at the rate of less than 2^ pounds, and 
only 5 other varieties gave a yield of 2 pounds or more per linear 
foot. Key West is deemed a desirable variety for extensive plantings 
in this locality since it held first rank for two seasons and was a close 
second for the third season. Tlie variety has been extensively dis- 
ti'ibuted throughout the island. Its roots arc of good marketable 
size, medium to large, and more or less oval in shape, while the flesh 
of the baked potato is yellow% moist, soft, and sweet, and of good 
quality. Due to their low yields through tliree yeai^, the varieties 
Pumpkin, Dooley, Big Stem Jersey, Red Jersey, Early Red Caro- 
lina, and Red Brazil (No. 5978), and Improved Big Stem (No. 
21403) have been discarded. 

Yarns, — Plantings were made of 13 varieties of yams, 10 of which 
were tested to ascertain the effect on them of staking. The staked 
vines yielded twice as mucli as the unstaked vines grown on areas 
of equal size. For three seasons the vahie of supporting the vines 
has been clearly demonstrated, staking affecting not only the weight 
of the total production of each plant but also the size of its tul>ei-s. 

Yavtias and taros, — Varieties of yautia and taro were again 
planted at distances of 18 by 36 inches and 30 by 36 inclies. Tlie 
close spacing gave a yield 26.7 per cent greater than the wide spacing 
for the yautias, and 12.5 per cent for the taros, for eqiuil areas 
planted, the taro yields reversing the order of results obtained last 
year. Although a spacing 18 by 36 inches may give a slightly greater 
area yield than does a spacing 36 by 36 inches, it requires twice as 
much seed, and does not permit of the free use of an animal-drawn 
cultivator, as is true in the latter case. 

COCONUTS 

In the fertilizer work with 9-year-old coconut palms, the check 
plat produced at the rate of only 36 nuts per tree, while the plat to 
which common salt (sodium chlorid) was applied led with a pro- 
duction of about 69 nuts per tree. The plats which were given am- 
monium sulphate in combination with either acid phosphate or pot- 
ash, or with both, produced on the average 60 to 67 nuts per tree, 
which was considerably in excess of the yield made by the plat re- 
ceiving a large part of fertilizer in the form of manure and tobacco 
stems, or by the plat receiving no nitrogen in the fertilizer. Increas- 
ing each semiannual application from 5 to 10 pounds failed to cause 
any increase in yield. 
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In the two plantations where salt and potash are Imng tested, the 
experiments have not progi*essed sufficiently to pennit of the drawing 
of conclusions. 

COFFEE 

Experiments conducted during the last 8 years with coffee trees, 
«rr()wn on 40 small plats of heavy clay soil, demonstrate in a striking 
manner the need of potash as a fertilizer. (PI. IV, fi«i:. 1.) Of the 
10 plats making the best yields in 1922, 2 had received a complete 
iertilizer; 3, nitrogen and potash; 2, acid phosphate and potasn; 2, 
potash alone; and 1, no fertilizer (check). Nine of these 10 plats 
liad received potash; 5, nitrogen; and 4, acid phosphate. Twenty 
plats receiving potash singly or in combination made 23 times as 
great a yield as did the same number of plats differing in treatment 
only in that they received no potash. 

The difference in efficiency of the nitrogen carriers, ammonium 
sulphate and sodium nitrate, has been pronounced on coffee growling 
in clav soil. In a pot experiment 30 containers* each having a capac- 
ity of 5 gallons, were filled with clay soil and then planted with 2 
seedlings each. The experiment was divided into 3 groups, of which 
2 were fertilized and 1 was left to serve as a check. The former 2 
groups received ammonium sulphate (8 grams), or sodium nitrate (10 
grams), carrying equivalent amounts of nitrogen, at intervals of 
months. At a little less than 18 months from setting, the trees re- 
ceiving ammonium sulphate surpassed those receiving sodium nitrate 
l»y 2() j)er cent in lieight, 103 per cent in number of leaves, 112 \ws 
cent in weight of leaves, and 1)3 per cent in weight of trunk and 
branches. The trees receiving sodium nitrate differed from the trees 
receiving no fertilizer by less than 1 per cent in height and by 5 to 16 
per cent in the other particulars. In a new test being started on sand, 
loam, and also on cfay, sodium nitrate will be applied monthly as 
well as semiannually. 

For many years the station has been introducing and testing dif- 
ferent varieties of coffee. During the year, data were submitted for 
]?u])licati()n on the characteristics of these varieties, and their per- 
formance at the station.^ 



EEPORT OF THE PLANT BREEDER 
By Thomas Breogeb 
GENERAL WORK 

During the year breeding work was continued with com, rice, 
eggplant, and several leguminous crops, including beans, cowpeas, 
soy beans, mungo beans, and velvet beans. 

Corn. — In an ear-to-row experiment, having for its purpose the 
isolation of better yielding strains of corn adapted to the region, 
native varieties of corn were growm at the station and cooperatively 
at Isabela. At Mayaguez, the mean yield for 106 duplicated rows of 
ears was 2,546 pounds per acre, wath a minimum and maximum 
yield of 1,832 and 3,291 pounds, respectively, per acre. At Isabela, 
the mean yield from 89 rows of ears w^as 2.139 pounds per acre, with a 

* Porto Rico Sta, Bui. HO. Coffee varieties In Porto Rico, copies of which may be had by 
addroj^sin^ the ajrronomist in charpo. 
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minimum and maximum yield of 968 and 3,668 pounds, respectively, 
per acre. Remnants of the 5 lowest and 5 highest yielding selections 
grown at Mayaguez and at Isabela were planted in isolated multipli- 
cation plats at Mayaguez during the spring of 1923. Progeny of the 
best selections of the 1921 rows of ears were grown for further in- 
crease and selection. 

Second generation plants, the result of crossing northern sweet 
com and aent corn with native varieties, were grown, and selec- 
tions were made from these for further test and observation. 

Rice, — Of the 178 different strains of rice which were turned over 
to the plant breeder in 1920, 42 were continued in replicated 18-foot 
plats of 3 rows each, and in 18-foot rows 3 feet apart on both upland 
and lowland soils. Observations were made of the dates of heading 
and maturing of the rice, and likewise of the prevalence of Hel- 
Tninthoaporiwm oryzm. Seed of a variety of rice from Honduras 
was distributed in limited quantities to planters requesting it, and 
several plantings were made to enable the station to distribute large 
quantities in 1923. 

Eggplant, — Second generation plants of a cross between the native 
striped Pompona and New York Improved were grown in the garden 
durmg the winter. Practically all the hybrids were purple Fruited 
and of good size. A few bore fruits resembling the native parent 
in color or skin, but like the New York Improved in size. Seed from 
several plants was saved for further selection with a view to establish- 
ing the type. A few plants were grown on the Mesa farm, and 
cions from two of the best purple- fruited sorts were grafted on the 
wild eggplant {Solanum torvum) in the hope of estabbshing a small 
commercial planting. Wlien in full bearing, over half the plants 
were destroyed by a wilt, probably due to Bacterium solanacvarum, 

Beans^ soy beans, cowpeas, and velvet beans. — Mass and individual 
selections of these crops were grown for another generation. Data 
relative to the yield of 10 varieties of cowpeas and 6 varieties of 
soy beans were obtained from replicated 40-foot plats of five rows 
each. New Era again took first rank of the cowpeas, and Virginia 
made the highest yield of the soy beans. Otootan and Biloxi, both 
late-maturing varieties of soy beans, made excellent growth and set 
a large number of pods, but were again attacked by a disease causing 
practically all of the seed to shrivel in the pods. 

Selections of black, gray, and mottled velvet beans, derived from 
previous introductions, were planted on the poorer upland soils of 
the station. Inoculated seed of the varieties Osceola, 100-Day 
Speckled, and Bunch gave very disappointing results when planted 
on the Mesa, due to the high percentage of iron in the sterile soils. 



REPOETS OF THE ASSISTANTS IN PLANT BREEDING AND 
HORTICULTURE 

By W. P. Snyder and J. A. Saldana 

STJGAB CANE 

Of the newly introduced varieties of cane, E. K. 28 and an un- 
known sort from Java seem to be worthy of further trial (PL IV, 
fig. 2). The variety E. K. 28, although showing some symptoms of 
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PLATE 1 1 1 




FiQ. I.— Crotalaria juncea, Left, and C. striata, Right. Grown as 

Cover Crops 




FlO. 2.-PARAGUAY TEA, RECENTLY INTRODUCED INTO PORTO RiCO 
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Plate IV 




FiQ. I. -Coffee Trees on Right Received II Ounces of Sulphate 
OF Ammonia per Tree. Trees on Left. Same Plus 9 Ounces of 
Sulphate of Potash 




Fig. 2.~-Unknown Variety of Sugar Cane from Java, Immune to 

Chlorosis 
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mosaic disease, continues to make vigorous g:rowth. The unknown 
variety from Java belongs to the North Indian family of canes^ and 
is very similar to the V\k\ or Kavan^ire. It can Ik* distinguished 
from the Uba, liowever, by its swollen internodes and by the ease 
with wliich the leaves separate from the stalk. This variety is ex- 
tremely vigorous and apparently is immune to the mosaic disease. 
Two varieties, received from Mauritius and Barbados, have not 
been sufficiently tested to ascertain their merit. The variety P. 0. J. 
2V\ seems to be rather easily affected by mosaic disease. 

The following table gives tlic Brix hydrometer reading, sucrose 
content, and purity of juice of first ratoon and plant cane Harvests: 

VompositUm of the juice of first ratoon and plant canc^ 



Vrtriety 


Hrix 
nnidinK 

Degrees 
lfi.86 
19.04 
19.71 
18.37 
19. 32 
19.31 

17.2ft 
17.43 
18.09 
16.20 
13.83 
17.33 
14.28 
18.68 
17.63 


Jr^UcroBC 

Per cent 
13.67 
17.18 
17.88 
16.13 
17.20 
17.24 

13.00 
14.73 
16.11 
12.91 
9.52 
14.88 
10.44 
16.08 
15.46 


Punty 


First ratoons, 11 months old: 

Uba . - 


Pitcmt 
81.10 


P. 0. .1. 36 


90.2ft 


P.O. J. 234 


90.67 


G. C. 1480 


87.80 


G. C. 1486 


88.86 


St. Croix 12/4 . 


89.26 


Plant cane, 16 months old: 

P. R. 260 


8a 60 


P. R. 292 . - - 


84.50 


G. C. 701 


89.06 


G. C. 1313 


79.70 


G. C. 1480 


68.80 


D. 117 


85.90 


B. 4596 . - 


73.10 


B. H. 10/12 


86.50 


P. 0. J. 213. 


87.70 







> The samples ground ranged from 30 to 90 pounds. 

Bud selection experiments with the P. O. J. 36 and Uba varieties 
gave negative results, and were therefore discontinued. 

All cane seedlings which were grown in 1919 and 1921 and became 
affected with mosaic disease were destroyed. Attempts were made 
during the winter to produce seedlings l>y fertilizing the arrows of 
Uba cane with pollen from cane varieties P. R. 292 and M. P. R. 7. 
No seedlings were obtained, however, the ripe arrows of cane varie- 
ties P. R. 292 and M. P. R. 7 germinated so poorly as to be con- 
sidered poor poUenizing sorts. In an effort to induce seed to genni- 
nate, the station planted a number of arrows in both sterilized and 
unsterilized soil and in seed boxes which were covered with glass. 
The plantings were watered with a weak solution of sodium nitrate, 
which in some instances was applied through bamboo tubes reaching 
to the bottom of the boxes. Beneficial results were obtained in cases 
where the boxes were covered with glass or where sterilized soil was 
used. Few seed germinated, however, in cases where subsurface 
irrigation was practiced. This method has the disadvantage of not 
permitting the uniform distribution of moisture through the boxes. 
The following list gives the average germination per box of the 
different varieties: P. R. 359, 298.1; D. 109, 281.7; P. R. 492, 37; B. 
1809, 33.6. The varieties B. 6450, St. Croix 12/4, M. P. R. 7, D. 216, 
G. C. 1480, and P. R. 358 produced less than 10 per box. The 
varieties P. O. J. 36, P. O. J. 105, P. O. J. 213, Uba, P. R. 292, and 
B. 4596 gave no germination whatever. Fully 35,177 seedlings, in- 
cluding those of D. 109 and P. R. 359, were produced from a total of 

96953—24 2 
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350 boxes of seed. Of these seedlings, only 8,237 were set in the field, 
the Others either dying or being discarded at the time of trans- 
planting. 

WHEAT 

During the summer and fall pot experiments were carried on under 
glass to observe the behavior of wheat under different cultural and 
fertilizer treatments. The results, while not very conclusive, would 
seem to indicate that the yield is decreased by (1) planting too deep 
(2 inches) ; (2) planting in a trench which is filled in with soil as 
the plants grow; (3) giving the crop an insuflScient supply of water, 
that is, about 0.6 of an inch per week; (4) withholding water from 
the crop after about 10 days after heading; and (5) failing to use 
fertilizers. Clipping the young plants gave conflicting results. 
Mulching with cane trash increased the yield, regardless of whether 
the plants were watered at the rate of 0.6 or 0.9 of an inch per week. 
Adding lime to the fertilizer, withholding potash from it, or varying 
the amount of nitrogen in it had no appreciable effect on yield. 

Each of the varieties was planted in one to fifteen 4-foot rows and 
tried out under irrigation during the winter. Owing to the poor 
stand made the yield per row could not be calculated. The Indian 
wheats, C. I. Nos. 4558 and 4695, however, clearly outyielded all 
others, as they had done in each of the three preceding tests. 

TOMATOES 

Approximately 1,700 tomato plants were grown during the winter, 
including commercial varieties, mixed stock of unknown origin, and 
second, third, and fourth generation hybrids. The best yielding 
varietal selections were obtained from Sutton's Best-of-All, Lares 
Native, Norton, and New Century Wilt Resistant, which produced 
on the average 3.1, 2.24, 2.2, and 2.04 pounds, respectively, of fruit 
per plant. Norton, obtained under the name Stark's Blight Resister, 
and Burpee's Self -Pruning were tested for the first time. Stark's 
Blight Resister not only proved of value in its apparently marked 
resistance to wilt, but it also made a fair yield of good, solid tomatoes, 
some of which, however, had a tendency to crack. Burpee's Self- 
Pruning made a poor showing, giving the lowest yield of all the 
varieties grown. 

Crosses were made between imported and native varieties in the 
hope of producing strains having greater vigor than the ordinary 
commercial varieties but maintaining the improved type of the latter. 
Although some of the commercial varieties have been known to 
yield as much as the native sorts, the progeny averaged considerably 
higher in yield than either parent. As a result of these crosses the 
yield of fruit has increased, but there has been no marked improve- 
ment over the best varietal selections in wilt resistance. In some 
instances the bitter flavor of the native parents has not been entirely 
eliminated and in others the fruits are not as smooth and uniform 
as is true of the commercial varieties. 

Crosses were also made between the different imported varieties in 
the hope of obtaining a vigorous growing, heavj^ yielding, wilt- 
resistant strain which will produce fruit of good size and shape. The 
progeny obtained by crossing Globe with Mack's Prolific, both of 
which were discarded because of their low yields, have outyielded 
each parent. 
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In order that observation might be made of their wilt-resistant 
ability, promising selections were grown in a plat on which several 
successive crops of tomatoes had succumbed to wilt. Of these, Stark's 
Blight Resister showed the greatest degree of resistance, only 21 per 
cent of the plants dying within 162 days after planting. Selection 
No. 105, from Insular Station Tomato No. 443, was next, three plants 
out of 13, or 24 per cent, dying. Two of the selections from un- 
known parentage showed a fair amount of resistance, while No. 5-8, 
the progeny of Greater Baltimore and Native, was poor, and Sutton's 
Best-of-All very poor. 

In September a trial of tomatoes was made at an elevation of 
1,000 feet on the Mesa, near Mayajruez, the varieties Norton Wilt 
Resistant, Glol)e crossed with Prolific, and Burpee's Self-Pruning 
being planted. A considerable number of the fruits rotted, due to 
infrequent harvesting, and others were bruised and mashed during 
the haul by oxcart to Mayaguez. Notwithstanding these losses, the 
total yield of sound fruit, weighed at Mayaguez, was 1,674 pounds, 
which was at the rate of 10.7 tons per acre. 

MUSKMELONS 

The fifth generation plants resulting from a cross of a large native 
muskmelon with Salmon Tint Pollock and with Hybrid Casaba were 
grown during the winter. Due to noncontrol of the pollination 
through several generations, the different selections are still highly 
variable. Apparently little progress can bo made in this respect until 
self-pollinated or close-pollinated seed is obtained. 

SWEET CLOVEB 

Seed of Hubam clover, produced from plants grown at the station 
last year (1922), was sown on a small plat November 21. Later, 22 
plants were transplanted in order that they might make a uniform 
stand. They made thrifty growth, reaching a height of about G 
feet, and produced a good crop of seed (1 pound 8 ounces), which 
was ready for harvesting May 12. The weignt of the dry plants was 
6 pounds 10 ounces. 

SWEET COBN 

Sweet corn breeding work, having for its object the development 
of a vigorous hybrid that will be adaptable to island conditions, was 
continued. The F3 hybrids are more vigorous than the parents, and 
the F4 ears of the hybrid under test show some improvement over 
the sweet corn introduced from the States. 



EEPOET OF THE ENTOMOLOGIST 
By W. V. Tower 

FUMIGATION EXPERIMENTS FOR THE CONTROL OF THE 
CIGARETTE BEETLE 

The entomologist spent three months of the year in fumigating 
the warehouses and factories of the largest tobacco company in Porto 
Rico. Cigars and stored tobacco had become so generally infested 
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with the cigarette beetle {Lcmoderma senricome) that all buildings 
in which tobacco is handled in the process of manufacture, including 
all workrooms, had to be fumigated. Fully 4,750,000 cubic feet of 
space was fumigated. The warehouses were treated with 40 ounces of 
sodium cyanid per 1,000 cubic feet for 48 hours. 

The entomologist also assisted a continental concern in demonstrat- 
ing the use of liquid hydrocyanic acid as a fumigant in two ware- 
houses, both piped with one-fourth inch black iron pipes. In one 
of the warehouses, which is 200 by 60 by 16 feet, the following plan 
was carried out: Pipes were run lengthwise through the center of 
the building to the outer walls where they were connected with solu- 
tion tanks. The pipe lines were raised about 9 feet from the floor 
and carried 6 or 7 spray nozzles that were directed toward the floor. 
When all was ready, the liquid was pumped under pressure into the 
pipes and evenly distributed through the building, l)eing expelled 
through the spray nozzles in a mist which immediately turned to 
gas. 

The operator must be as careful when handling tanks of liquid 
hydrocyanic acid as when fumigating by the pot or barrel method. 
Liquid'hydrocyanic acid is twice as powerful as solid cyanid or cyanid 
solution, and will certainly cause trouble if the pipes leak. Consider- 
able time is required to charge the machine in the liquid hydro- 
cyanic-acid method, but reckoning, weighing, handling of the ma- 
terial, and having to dispose of the residue, are dispensed with. The 
operator should not only wear gloves to protect his hands from pain- 
ful burns, but he should also be provided wnth a gas mask in case 
of emergency. Commercial concerns should permit fumigation to l)e 
done only by a thoroughly efficient operator, such as a chemist, en- 
tomologist, or other person who is acquainted with the nature of 
poisons. 

The method used for fumigating baled tobacco can also be used for 
Porto Rican cigars which have been packed for shipment. Thegas pene- 
trates the cigars and kills any insects present, regardless of their 
stage of development. Owing to the relatively humid air of PortoRico, 
fresh cigars should be aired for three or four weeks, and others 
longer, after being fumigated. 

Fumigation was started about the middle of February, and al- 
though the work was not completed until about the first of June, 
losses due to returned cigars began to decrease in April. The April 
statement from the New York receiving house to the San Juan 
office showed a saving of 40 per cent over previous losses occurring 
in May and June (75 per cent each). At the receiving house it was 
thought that a great proportion of the remaining 25 per cent loss was 
on old stock which had not been fumigated. It is also possible that 
the cigars became reinfested in the New York storage terminal. 

The New York house was not alone in reporting a decrease in loss. 
Selecting and inspecting room manager formerly had to discard as 
many as 10,000 wormy cigars in some months, and to employ a 
large force to examine "^e very box, cigar by cigar, in which a wormy 
cigar was found. By fumigating their houses, tobacco companies 
have been enabled to cut expenses appreciably. Very few wormy 
cigars are now found in the factories. 
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CITBUS SCAB, 8CAXE, AND INSECTS 

The winter and spring months had a marked influence on the 
presence of scab. The lon§ rainy season was foUowed by the worst 
period of drought Porto Rico has experienced in years. Some dis- 
tricts suffered more than others. In many instances, the rain inter- 
fered with spraying programs, and the required number of applica- 
tions could not be made. One of the largest local growers, who 
obtained excellent results in the cooperative scab control experiment 
conducted in 1922, sprayed his whole plantation of 4,000 ti*ees. He 
could not carry out the program as planned, however, because of 
adverse weather conditions, and his present crop is not as clean as 
was that of 1922. 

During the dry period many growers could not clean up the scale 
that always follows sprayings with Bordeaux-oil emulsion. Both 
the purple scale and the rufous scale severely attacked the fruit in 
some of the plantations where the trees had been sprayed with the 
emulsion. 

Rust mites and red spiders ai*e very troublesome in citrus groves 
after the trees have been sprayed with Bordeaux-oil emulsion. 
When lime-sulphur is used following the emulsion, the leaves and 
fruit become covered with a reddish-brown precipitate, which gradu- 
ally disappears, or is washed off as the fruit passes through the 
brushes in the packing houses. 

COTTON INSECTS 

In Deoem}>er, 1^22, hundreds of acres of cott<)n in the Cabo Rojo 
district were destroyed by cutworms and a species of caterpillar 
{Alabama argillaoea). At the time the entomologist visited the 
district, caterpillars were crawling over everything, all trees and 
bushes being covered with them. This section is very dry during 
the greater part of the year. Large salt works occur along the coast, 
but there is a, very fertile sandy loam back of the beacnes. Fine 
crops of cotton and corn are produced when there is a little rain. 

If spraying is undertaken for control, it should be done as early 
in the morning as possible before the heav>^ breeze begins to blow, 
which is about 10 o clock. Dusting as a method of control does not 
seem practicable, because of the absence of dew and the presence of 
heavy winds. Good results were obtained from the use of poison 
bait. 

VEGETABLE AND FLOWEB INSECTS 

From time to time the entomologist is called upon to prepare 
spraying solutions for various members of the station staff who are 
working with vegetables and flowers. Sweet com, which has not as 
yet been successiully grown in Porto Rico, was repeatedly sprayed 
with nicotine sulphate (5 cubic centimeters of the sulphate to 1 ounce 
of soap) to kill the lice, leaf hoppers, caterpillars, and other insects 
feeding upon it. The treatment effectively held the pests in check, 
but had no repellent qualities. In some instances, as high as 15 cubic 
centimeters of nicotine sulphate was sprayed without burning the 
plants. Striped cucumber beetles {Diahrotica inwAba and D, bivit- 
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tata)^ which attacked casaba melons, cucumbers, and watermelons 
during the winter months, were brought under control by the use of 
a spray made with Bordeaux (2-3-50) and arsenate of lead (U 
pounds). The striped cucumber beetle was present in great num- 
bers in the soy bean experimental plats during the summer months, 
and nematodes caused serious losses in truck gardens, attacking 
celery, beets, carrots, peppers, tomatoes, eggplants, dahlias, dra- 
csenas, and melons. Plant lice were found on dalilias and zinnias. 

STOBAGE OF GBAPEFBTJIT 

For the last three years the entomologist has been trying to deter- 
mine the best method of storing grapefruit for liome use. The fruit 
has been found to keep for a short time, say two or three months, in 
dry sand, sawdust, or coconut fiber, and for a longer period in moist 
sea sand or clear river sand, moist sawdust, or moist coconut liber. 
The fruit should be thoroughly cleansed of scale before storing, 
otherwise it will break down as the scale increases. Two weeks after 
the fruit has been placed in storage it sliould be looked over care- 
fully and the decayed specimens removed. In many instances, few 
decayed fruits were found in lots of irrapefruit that had been stored 
three and four months. The longest period of storage was 14 
months, but losses began to occur alter the fifth month. The varie- 
ties showed little ditierence in keeping qualities when the matured 
fruit was stored. Of tlie lots tried. Pernambuco liad the best keep- 
ing qualities, with Marsh Seedless ranking second and Duncan third. 

In order that the best results may be obtained, the fruit should 
be picked when it has reached its prime. This is true especially 
concerning the Marsh Seedless, the seeds of which will sprout soon I 
after the mature fruit is placed in storage. The Duncan variety, 
when fully mature, seems to hold up better than does the Marsh 
Seedless, the flesh retaining its normal color and fine eating quali- 
ties, and seeds not sprouting so quickly. Fine-skinned fruits were 
found to remain in good condition longer than those with coarse 
skin. Sprouting seeds are often fovmd in fruit which remains too 
long on the tree, say from 14 to 16 months, and the seed of mature 
fruit sometimes sprouts after a rain follows a long drought. 

Clean, moist sand or sawdust is probably the best material in 
which to store grapefruit for home use. Dry sand may l>e used, but 
fruit shrinks when stored in it a short time. Storing grapefruit for 
short periods in dark, moist chambers gave satisfactory results, the 
fruit not shrinking for two or three months. Shrinking occurred 
when the fruit was stored for six months in the open in moist cham- 
bers, but not when it was stored for the same length of time in moist 
coconut fiber in moist chambers. Heavy losses, due to sun and 
rain, occurred in about 500 grapefruits which were stored in coconut 
fiber in the open, and at the end of three weeks a lot of 30 cases of 
loose oranges showed a decay of 66 per cent when stored in coconut 
fiber in the open. 

Cockroaches, which considerably damage stored fruit, may be 
held in check oy the use of roach pastes. Grapefruit when stored 
should be well protected from rats. 
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MISCEIXANE017S 

The giant toad {Bufo agxta), which was introduced into Porto 
Kico several years ago, is rapidly increasing in number in this part 
of the island, and will doubtless assist in lessening certain of the 
insect pests. Horned lizards and horned toads, which were released 
in the dry lands of southwestern Porto Rico, have not as yet been 
seen in this section. 



EEPOET OF THE PLANT PATHOLOGIST 

hy C. M. TrcKKK 

Since his appointment in June, 10'23, the plant patliologist has 
spent the major part of liis time in planning and preparing for 
various lines of investigation wliicli are to he undertaken. The 
entire collection in the herbarium was card-indexed, and some addi- 
tionj; were made to it. 

A BROWN SPOT DISEASE OF BICE (Helminthosporium sp.) 

Experiments are being continued for tlie control of seedling blight 
of rice, due to a fungus {Ilflntintho^porhnn sp.), both hot water and 
chemical seed treatments 1km ng used. A stmly is l)eing made of the 
possibility of soil infection, insects as disseminating agents, and of 
varietal resistance. 

A BOOT DISEASE OF VANILLA 

Vanilla, recently introduced into Porto Rico, gives promise of 
i)ecoming a paying crop in certain sections well adapted to it. The 
original vanilla phuiting at the station was destroyed by a root 
disease whicli is j)rovi ng a menace to tlie industry elsewhere on 
the island. Numerous examinations of tlie (u-ganism fnmi infected 
loots, obtained from tliree different plantings, sliowed it to be the 
same fungus (Fitsdriuvt sp.). Pure cultures wei-e isolated and used 
to inoculate potted plants tliat 'avv growing in sterilized coc(mut 
iiher. Both j)ots and j)lants are covered witli cheesecloth. Another 
series of inoculation experiments was nuide with plants which are 
growing in large glass tuVu^s of sterilized fiber. 

The old vanillerv was selected as an ideal ]>lace in wliicli to t(»st 
the fungicides for use in controlling the disease in an infected soil. 
The supporting trees {HnjfJir'nxi corallodemlron) were thoroughly 
ileansed by scraping all adhering vanilla roots from them and by 
v> ashing the trunks and main branches with Bordeaux mixture 
(r»--r)-50). Disinfectants were applied to the soil and organic mat- 
ter was placed about the base of the trees. Tlie disinfectants in- 
eluded carbolineum, copper sulphate, chlorid of lime, formaldehyde, 
sulphuric acid, paradichlorbenzol, lime, and liordeaux mixture. 
Cuttings were then planted, and some of them were given appli- 
cations of lime or Bordeaux mixture at certain intervals. 

Laboratory work will be undertaken as soon as the causal organism 
is definitely established, to determine its resistance to various chemi- 
cals and to test its pathogenicity to other plants. 
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BANANA WILT 

Since 1916 a plat of Chamaluco bananas, the soil of which is 
thoroughly infected with the banana wilt, or Panama disease, or- 
ganism {Fusai%U7ifh cuhense)^ has been under observation for the se- 
lection of resistant plants and the production of an immune or re- 
jsistant strain. So far the results have not been encouraging. The 
plants were recently cultivated and each was given an application 
of 2 pounds of a 6-8-10 fertilizer. 

A Fusarium which seems identical with that mentioned above was 
obtained from a diseased pseudostem of plantain which was recently 
received from Fajardo, in the eastern part of the island. Porto 
Rican banana growers are of the opinion that most varieties of 
bananas are susceptible to wilt in varying degrees. Plans are be- 
ing made to determine the pathogenicity of the fungus to some of 
the most commonly grown varieties. 

SCAB-BESISTANT GBAPEFBITIT 

An experiment, undertaken for the production of a scab-resistant 
variety, was turned over to the plant pathologist by the assistant 
plant breeder. The seedlings resulting from a cross between Duncan. 
a commercially valuable variety, and Triumph, a relatively scal>- 
resistant variety, are now about three years old. When carefully 
examined in October for evidence of scab infection on the young 
leaves and stems, 48 trees were found to be heavily infected, 89 
slightly infected, and 187 free from infection. 

Climatic conditions at the station differ from those obtaining in 
the principal citrus sections of the island. At Mayaguez the rainy 
season is coincident with the season of highest temperatures. Along 
the northern coast in the citrus region the rainfall is rather heavy 
in the early spring, while the temperature is comparatively low, 
creating ideal conditions for scab infection. 

Individual records are being kept for each seedling, and those 
showing continued resistance to scab will be budded on rough lemon 
stock in some location that is favorable to infection for further trial 
of resistant strains. 



REPOET OF THE SPECIALIST IN FARM MANAGEMENT 

By H. C. Henricksen 

The principal lines of investigation conducted by this division 
during the year included studies of some of the critical factors gov- 
-erning pineapple production, the shipping and keeping qualities of 
pineapples, artificial coloring of citrus fruit, changes taking place 
in precooled citrus and pineapple fruit, and the marketing of onions. 

PINEAPPLES 

Pineapple-production investigations have not advanced sufficiently 
to permit of the publication of a report at this time, but the work is 
progressing favorably and the results are very promising. Plants 



PORTO RICO AGRICULTURAL EXPERIMENT STATION 17 

were gi^own in water and sand cultures to which different chemicals 
were added, and potted plants were grown in soils that were taken 
from pineapple fields where the crop showed certain characteristics. 
Tlie pot cultui^ experiments yielded more valuable data than did 
those conducted in the held from which the soils wei*e taken. 

Results of a study made to determine the rate at which the pine- 
apple matures when it is kept at various temperatures, and likewise 
of the maturity changes occurring after refrigeration, showed that 
a temperature ranging from 50° to 60° F. for one week will partly 
arrest maturity changes, and that even plant-ripened fruit may l>e 
kept at this temperature for the same length of time with little 
cliunge, unless, of course, it is infected with fungi. Gi'een fruit will 
not perceptibly change color when it is kept at the above-mentioned 
temperature. A temperature ranging from 35° to 40° F. will arrest 
maturity changes considerably, regardless of whether the fruit is ripe 
or green. When very green fruit is kept in stonige for 6 days only,. 
it will mature upon removal from refrigeration. The fruit will not 
show normal change in either color or composition, however, if it 
is kept for a period longer than 6 days in a room where the tempera- 
ture ranges from 35° to 40° F. In^ other words, pineapples which 
are precooled for a short period at a temperature as low as 35° F. 
will ripen normally upon beine: removed from refrigeration; and 
fruit that has fully ripened can be stored for some time at a tempera- 
ture of about 40*^* F. 

In connection with a study of the effect of temperature on shrink- 
age, it was found that fruit shrunk very little when well packed and 
kept for 6 to 10 days in a room where the temperature ranged from 
35° to 40° F. Of the various protective measures against shrinkage^ 
that of covering the fruit with paraffin gave the most satisfaction 
under certain conditions. The paraffin was kept several degrees 
above the melting point. The fruit was dipped up to the crown^ 
and then held over the boiler to allow the excess paraffin to drip off. 
(xreen and bronze-colored fruit should not be covered with paraffin 
since it hinders subsequent color changes. Large, fancy, plant- 
ripened fruit, such as is suitable for window display, may be par- 
affined, as it will show to better advantage and keep in good condition 
longer than will unprotected fruit. 

CITBUS FBUITS 

Inasmuch as the price of citrus fruit is largely determined by its 
appearance, the color is naturally of great importance. The problem 
of artificially coloring fruit was attacked at the beginning of the 
sliipping season. Further investigation along this line will be made 
as soon as time permits. 

Shippers and carriers have manifested considerable interest this 
year in the question of precooling fruits. In order to ascertain the 
temperature which will arrest stem-end rot of oranges and grape- 
fruit, 5 lots of fruit were kept for 5 days at temperatures ranging 
from So"" to 80° F. The results confirmed those of experiments 
mentioned in a former report.^ It was found that stem-end rot can 

* Porto Rico Sta. Rpt. 1920, pp. 27-.'',6. 
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be arrested by cooling the fruit immediately after it is packed, and 
by keeping it at a temperature of about 45° F. Although infected 
fruit can be kept at this temperature without decaying, it will rapidly 
decay as soon as it is removed from the refrigerator. 

In order to determine whether precooling can be used to advantage 
when fruit is to be shipped on nonrefrigerated steamei^s, 500 boxes 
of fruit were cooled to 50° F. and then stowed in a compartment of 
a nonrefrigerated steamer. As a result of observations made of the 
changes taking place en route and the condition of the fruit upon its 
arrival in New York, it was concluded that fruit should be cooled 
to a temperature of between 85° and 40° F. and transferred directly 
from the refrigerator to an insulated hold of the steamer. The hold 
should be filled, and likewise provided with ventilation to permit of 
the removal of moisture and carbon dioxid. When these precautions 
are taken the temperature of the hold will hardly rise above 60° F. 
during the trip from Porto Rico to New York. 

ONIONS 

Although the Bermuda onion is produced in Porto Rico in com- 
mercial quantities, its cultivation is not very remunerative, because 
the crop is not exported and the supply is greater than the demand. 
The writer therefore made a study of the market conditions in New 
York while he was there in connection with the precooling experi- 
ments previously mentioned. The data obtained show that for many 
years the price of Bermuda onions has been high in March. Growers 
are urged to use the best seed obtainal)le, plant for early maturity, 
and use standard field and packing methods in order that they may 
market the crop at remunerative prices. 

o 
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REPORT OF THE DIRECTOR 

By D. W. May 

Although Porto Rico was settled by Europeans a century before 
permanent settlements were established on the mainland, the agri- 
culture of the island was in a low state of development when the agri- 
cultural experiment station was established in 1902. As a conse- 
quence, the experiment station was unable to confine its efforts to 
research, which is its legitimate function, and was of necessity forced 
to do much pioneering work in the introduction of new methods, 
growing of new crops, and improving old ones. With the establish- 
ment of the insular department of agriculture in 1917 and thd develop- 
ment of its resources and capabilities, it gradually became possible 
for the station to turn over to the new department the extension 
activities and to devote its energies to problems of research connected 
with tropical agriculture. That progress has been made and Porto 
Rico agriculture is on a higher plane than formerly is abundantly 
shown in the great increase noted in all lines of agricultural pro- 
duction. 

The cost of research is increasing, although the income of the 
station is almost stationary. Research in tropical apiculture is 
comparatively new, and there are no limits to its possibilities. Men 
are desired at the station for urgently needed investigations, and 
when secured they should be encouraged to remain with the work 
until the problems are solved. This will require a larger income for 
equipment and salaries than has been given the station. 

No essential changes were made during the year in the lines of 
work of the station. A new department was established, with Dr. 
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Gerard Dikmans at its head, to carry on research with parasites 
affecting domestic animals. On accoimt of the presence of certain 
diseases, the successful raising of pigs, goats, and chickens is made 
venr difficult. 

W. V. Towerj entomologist of the station for some years, resigned 
to accept a position at a higher salary with a corporation engaged 
in growing and manufacturing tobacco. Mr. Tower's work with 
the cigar beetle was so successftil that certain private tobacco con- 
cerns found it profitable not only to follow his methods but to em- 
ploy him to carry them out. 

Thomas Bregger, plant breeder, resigned to accept a similar i^osi- 
tion with the Argentine Government. Robert L. Davis, formerly 
connected with the Bureau of Plant Industry, Fiber Investigations, 
United States Department of Agriculture, and later privately en- 
gaged in breeding flax, vias appointed plant breeder. 

W. P. Snyder, assistant plant breeder, resigned to continue his 
collegiate studies at the University of California. 

SUGAB CANE 

Considerable time was devoted to sugar cane, the leading crop of 
the island. The entrance of sugar duty free to the markets of the 
mainland has, in many instances, induced planters to grow cane to 
such an extent as to neglect rational systems of cultivation. Large 
mills are necessary in cane production, and when cane lands are 
devoted to other crops this valuable equipment is likely to lie idle 
and to deteriorate. Cane will therefore continue to follow cane, and 
problems arising in connection with its cultivation will have to be 
solved not so much bv changing the crop as by changing the variety 
on a given area or the system of fertilization. Results obtained at 
the station show that, next to the practice of rotation, a change of 
varieties is advisable. Growing immune varieties proved to be the 
most successful means of combating the mosaic disease, which for a 
time threatened the sugar industry. At the time the disease became 
pronounced the station distributed over the infected areas immune 
or highly resistant varieties which were obtained from various 
sources. The work of the station in averting complete ruin of the 
crop was appreciated by cane growers in the section receiving the 
greatest benefit from the introduced varieties, as was shown by their 
presentation to the station of a cup, and a memorial readincr as 
zoiiows : ^ 

Memobial op thb Agriculturists or the Western Part of Porto Rico to the 
PORTO Rico Agricultural Experiment Station 

ft«^I™5 S®*51^^*' Industry in this part of the island was menaced with ruin 

S JSfnSLi?«.n^^# A^? Agricultural Experiment Station, of the United 
«f cS^'S^lo ^ Agricultuw, introduced in 1919 some barrels of cuttings 
lliSSSe^o tiraW?^^ ^''^''° *' Kavangire, or Japanese cane, which^ 

exSttS^S l^fh^^^^LTu''.^^^^^'^ ^^ extensive cane fields now 
BTlttheiJ^fwe industry was thus saved from destruction: 
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Resolved, By the undersigned, to present this memorial to the Porto Rico 
A^cultural Experiment Station in testimony of gratitude and in remembranott 
of the success achieved in the furtherance of its honor and of our welfare. 

Mayaguez Sugar Co. (Inc.); M. Fajardo; Enrique Vivonl; Juan 
Ortiz Pericchi; Central Eureka (Inc.), M. Fajardo, President: 
Central Coloso (Inc.), Gmo. Cabrera; Ana Maria Sugar Co^ 
pp. R. Valdds; Sues, de R. Vald^, R. Vald^; Enrique Lopes 
Delgado ; Juan A. Monagas ; Juan Angel Ti6 ; Alfredo Ramlrei ; 
Russel & Co., Sues. S. en C. ; Sues, de Bianchi; Jaime An- 
nexy, jr.; Celedonio Carbonwell, pp. Manuel Alcarflz; Rodolfo 
Colberg ; Juan Acar6n Correa ; Clemente Javlerre. 

These so-called Japanese or Indian canes are not of the highest 
quality, but were used as emergency canvs to ameliorate the condi- 
tions which were brought about by the mosaic disease. The station 
is endeavoring by breeding and importation to establish resistant 
canes which will be richer in sucrose and can be harvested at less 
cost than those now under test. The results are most encouraging, 
some of the hybrids proving not only immune, but easier to mill ana 
of a higher quality than are the Indian canes. The greatest con- 
tribution the station can make the sugar industry is through breed- 
ing canes of higher tonnage, greater sweetness, and resistance to 
disease. Thousands of seedlings are bred annually, and some of them 
are of outstanding merit. The highest yield on the island, at the 
rate of 814 tons of sugar per acre m one case, and, in another case, 
81 tons of cane per acre, was made by the variety St. Croix 12/4, 
which originated at the Virgin Islands experiment station. 

The rapidity with which a new variety of cane can be spread over 
a given area within a limited time is remarkabli*. Some of the best 
varieties have been introduced as single cuttings. A single cutting 
will produce by stooling 10 to 50 canes, which -will mature in the 
first year. These canes will have sufficiently grown for planting in 
six months and will furnish 50 to 250 cuttings. Cut again in six 
months, they will provide cuttings for planting a considerable area. 
Thus it can be seen how quickly a planter can change his fields to a 
new and better cane. The station distributes tried and promising 
varieties in small quantities and without cost to different planters 
over the island to prove the merits of the variety under local condi- 
tions and to encourage planters to grow their own ^eed cane. This 
arrangement i^elieves the station of having to use its limited funds 
for commercial pijrposes rather than for experimentation, and it 
often enables the planter to sell his seed at a higher price than is 
paid at the mill. 

GERMINATING SUGAB CANE 

In Porto Rico it is seldom necessarjr to keep cuttings of cane for 
any great length of time before planting. Cane crowing is a con- 
tinuous process, the new planting being made as the old one is cut. 
However, only sound, clean cuttings should be planted, and these 
should be given a quick start to enable them to make good growth* 
Too frequently the cane borer (Diatrcea sacc/iaralis) is introduced 
with the cuttings. All infested cuttings should be soaked in a 
solution before planting. The solution readily enters the channeLi 
left by the borer and drowns it. This alone would justify soaking 
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the seed before planting, even when the borer is present in only 
small numbers. If there is added to the solution an element which 
is stimulating to plant growth, the crop will not only be free from 
borers but will make an increased growth. A series of experiments 
was made at the station to determine the effect on germination and 
growth of soaking cane cuttings in solutions of various kinds. Prior 
to planting, the cuttings (seed) were soaked for 24 hours in water, 
saturated limewater, and limewater and magnesium sulphate. Tiie 
water-soaked seed gave a germination of 8(5.42 per cent, the drv- 
planted seed only 81.41 per cent. A still higher germination, 93.():i 
per cent, was made by the cuttings whicli had been soaked in lime- 
water. At the end or three months the dry-planted cane had made 
a growth of 164 inches, the water-soaked 180 inches, th6 limewatei - 
soaked 202 inches, and that soaked in limewater and magnesium 
sulphate 220 inches. The final yields of the plats were as follows: 
Cane, planted«as cut, 58.7 tons per acre; soaked in water, 71.9 tons: 
soaked in limewater, 72.5 tons; soaked in water containing lime to 
saturation and 1 pound of magnesium sulphate to 50 gallons, 85.4 
tons. The increase in growth of the soaked over the dry-planted 
cane was due not only to the destruction of the borer but also to the 
influence of moisture on germination. Where chemicals were used 
in addition to the water, there was a neutralization of the cane juices 
which tended to prevent their rapid fermentation and to conserve 
their stored food, to be used by the growing plant as needed. 

UVESTOCK 

The livestock of the island, especially the dairy cattle, are increas- 
ing in numbers and in quality, partly through the introduction of 
purebred animals and partly through crossings of the native stock 
with improved sires, as exemplified by the station. As a result of 
judiciously crossing native cows with purebred bulls, the station has 
developed a herd some of which carry fifteen-sixteenths Guernsey 
blood. Dairy capacity has increased with each succeeding genera- 
tion. The native cows of the foundation herd yielded on the aver- 
age 8.09 pounds milk per day per cow; the second generation (half- 
bred cows), yielded on the average, 11.9 pounds per day per cow: 
and the third generation (three-quarters bred), 13.5 pounds per dav. 
(Fig. 1.) This shows an increase of 47 per cent^for the half-bre^s 
over the native, and 13^^ per cent gain for the three-quarters bred 
over the half-bred. The results have been so favorable and at such a 
small risk of loss that planters are advised to import only bulls for 
breeding up the native stock. Both sexes can be acclimated by care- 
ful handling, but under the present conditions and methods o^ man- 
agement it IS best to confine the purchase to the best bull obtainable. 
Purebred herds can be introduced when the cattle tick has been 
eliminated and the farmer is prepared to give his cattle good stablin<r 
and feed. 

The station now owns three purebred Guernsey bulls from dams 
that have yielded 12,000 to 13,000 pounds of milk annually. These 
bulls are well fed, and kept stabled except when they are made to wprk 
for exercise. Young bulls should be broken to work with native 
oxen. Work gives them needed exercise and likewise helps in their 
maintenance. Purebred bulls are supplanting native work cattle in 
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ail farming operations at the station. During the year 79 cows, in 
addition to those at the station, were bred to these bulls. 

Dairy practices are improving. Fresh milk continues to bring 
r( latively high prices, retailing in Mayaguez at 20 cents per auart. 
A surplus of this commodity could perhaps be used to best auvan- 
ta^e in the form of cheese for home consumption and for the local 
market. Canned dairy products find a ready market in Porto Rico, 
but they never equal the fresh article. The value of cheese im- 
ported into the island in 1921 was $777,G38. With the establishment 
of a race of cattle giving larger milk yields than are now obtained 
and the successful growing of forage crops, assuring a plentiful sup- 
ply of nutritious feed for tlie cattle, there should be rapidly developed 
a profitable cheese-making industry which will be comparable with 
that of any other country. 




Fk;. 1. — Three-fourths grade Guernsey cow. Milk yield 6,000 pounds, butterfat 300 

pounds, per year 

An increase in the production of forage grasses is primarily the 
cause of the increase in the number of cattle now lound on the 
island. To promote the livestock industry, the stockman must grow 
an abundance of feed for his herd. Elephant grass, Guatemala 
^rass, and velvet beans make rapid growth, are greatly relished by 
cattle, and have high value as stock feed. Such crops are converted 
into beef, milk, and butter, with the least expenditure of energy and 
money. 

SILOS AND SILAGE 

The station built the first silo in Porto Rico in 1908. Since then a 
number of silos have been erected, especially along the south slope, 
where the rainfall is deficient. Com, cane, malojilla grass {Panicum 
harbinode)^ elephant grass {Pennisetum purpureum)^ Guatemala 
^Tass {Tripsacum laxum)^ velvet beans, and cane tops have been 
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ensiled at the station. Corn made the best silage, comparing in flavor 
and palatability with that made in the Temperate Zone. Cane came 
next, but gave trouble during the fermentation process. Its hi^^h 
sugar content is conducive to the production of alcohols and acids, 
and the processes are difficult to halt. Even with cane tops, fer- 
mentation passed from the alcoholic to the acetic stage when there 
was too much moisture, and it did not take place at all when the 
tops were too dry. The grasses and velvet beans made poor sila^re. 
due largely to the fact that they are too light to pack well imless 
heavily weighted. The grasses lacked sufficient juice to ferment well, 
and tne resulting product was dry and developed a musty odor. 
The velvet beans were juicy enough, but they were either not of the 
proper composition or the proper quality for silage making, and the 
resulting product was black and unsavory. 

Cattle differ markedly in their liking for silage, some takin<r 
readily to it and others scarcely at all. It is probably eaten more 
readily in the Temperate Zone because it is usually fed in winter, 
when no green fodders are available. Silage is oi doubtful value 
at the station, where the annual rainfall is fairly well distributed, 
and green forage usually available throughout the year. Even 
when it was well made tne station animals ate it with reluctance, 
wasting 75 per cent of the grasses and 55 per cent of the sugar 
cane. jResults of experiments show apparently no difference between 
silage made in the Tropics and that made in the Temperate Zone. 
Corn silage has been carried over at the station for two years with 
good results. 

PEAS 

Peas are not found in the markets or even in the home gardens of 
Porto Rico, and attempts to grow them at the station were unsuc- 
cessful until they had been inoculated with the proper nodule- 
forming bacteria obtained from the United States Department of 
Agriculture. Since then a large number of garden and flowerin<]: 
varieties have been grown with ease. Dwarf and climbing peas grow 
equally well, but the latter make larger yields and over a much longer 
period. They should be given support, preferably with bamboo stakes 
or w^oven-wire fencing, to make the best yields. Many varieties of 
sweet peas grow well, but the late or summer-flowering sorts fail to 
bloom, very probably because of the small variation in the length of 
day in the Tropics. The early-flowering sweet peas bloom profusely ; 
however, they do not make so large a vine growth as the sum- 
mer-flowering varieties. Peas may be grown in young cane, both 
plant and ratoon, and are adapted to growing with corn. The crop 
provides excellent forage for the work animals, and even when not 
harvested will greatly improve the soil for cane growing. Pea seed 
should be inoculated with nitrogen-fixing bacteria before it is 

Elanted, or else it should be mixed with inoculated soil, which can 
B obtained from the station for the purpose. After the soil is once 
inoculated, the process need not be repeated. 

REFORESTING 

During the year 60 acres of land were planted with seeds and 
seedlings less than a year old of many forest trees, including palo 
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(le Maria {Calophyllum cal^iba)^ caoba {Swietenia viahagoni) (fig. 
2), maga {Thespesia grandiflora) j ipil-ipil {Leuc(vna r/tauca)^ ob- 
tained from the rhilippines, flamboyan bianco {Bauhinta kappleri)^ 
acacia amarilla (Alhizzia lehheck)^ Eucalyptus robusta^ ana Aus- 
tralian pine (Casuarina equisetifolia and C, cunninghamella) ^ the 
seed of which was introduced. Approximately 10,000 mahogany 
trees and others of economic importance are now growing on the 
200-acre tract on the mountain overlooking Mayaguez. Palo de 
Maria makes the best growth under the most adverse conditions, is 
valuable as a cabinet wood, and can be recommended for commercial 
planting. 

The soil on which the forest trees have been planted is very 
variable. At the station proper, it is an undulating clay of average 




rio. 2. — Mahogany trees 15 years old on the Mesa, near Mayaguez. Elevation, 1,000 feet 

quality; and, on the area ranging from 500 to 1,000 feet above sea 
level, where the greater part of the plantings are, it is for the most 
part ferruginous, in places consisting of more than 50 per cent ferric 
oxid. In these places, it is difficult to get anything to grow. Results 
of experiments at the station indicate that legumes may be grown 
with advantage on reforested areas. Nurse crops, such as the pigeon 
pea or the dwarf bucare {Erythrina berteroana)^ which grow read- 
ily from cuttings, are especially valuable for reclaiming badly washed 
soil and windswept ridges. They not only store nitrogen in the soil 
but also furnish temporary wind and sun protection for the more 
tender seedlings. A nonclimbing legume is perhaps best as an inter- 
crop for young trees. Crotalaria is very good for the purpose, and 
can be followed by velvet beans when the trees are past danger of 
beinff smothered out. 
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REPORT OF THE ASSISTANT CHEMIST 

By J. O. Carbebo 

No new work was started in this division, it being expected that 
every available facility will be taxed to the utmost when the crops 
are gathered. Certain material of a highly perishable nature will 
require immediate attention, and the composition of the soils under 
treatment will need to be determined as soon as samples are taken. 

MANAGEMENT OF OANE SOILS 

The study of nitrogen utilization by cane soils was continued. 
The first ratoon crop was cut early in the year, and the residue, after 
being allowed to dry, was either incorporated with the soil or burned 
off, depending upon the kind of treatment given each plat. Samples 
were taken of soils to be limed, and the plats were given the required 
treatment, followed by plowing and the planting of a leguminous 
cover crop which was turned under. Later, the land was disked and 
harrowed and in July was planted with cane. Certain of the plats 
were fertilized with nitrogen in the form of nitrates three weeks 
later, and others were left to serve as checks. Early in the experi- 
ment, differences in height and color of plants were observed between 
the nitrogen and the control plats, and small differences in height 
but marked differences in color were apparent between the sodium 
nitrate and the ammonium-sulphate plats. At present, 13 months 
after planting, hardly any difference is to be seen either in height 
of cane or color of leaves, regardless of the form of nitrogen applied, 
while large differences, both in height and thriftiness of plants, are 
noticeable between the nitrogen and the control plats. 

In a series of experiments made to determine the comparative 
yields of cane plats under different treatments, certain sections 
(series A, C, and E) were limed, and others (series B, D, and F) 
were left unlimed to serve as checks. Plats Nos. 1, 2, 3, and 4 of the 
C and D series were treated with nitrogen as sodium nitrate at the 
rate of 60 pounds per acre ; plats Nos. 5 and 6 of the C and D series 
were given nitrogen in the form of sodium nitrate at the rate of 3(> 
pounds per acre; plats Nos. 1, 2, 3, and 4 of the E and F series re- 
ceived 60 pounds of nitrogen as ammonium sulphate; and plats 
Nos. 5 and 6 of the E and F series, nitrogen in the form of 
ammonium sulphate at the rate of 30 pounds per acre. No plats in 
the A and B series received nitrogen. In plats No. 1 of all the series 
the trash was burned, but no legumes were planted; in plats No. 2 
the trash was burned and legumes were planted and plowed under; 
in plats Nos. 3 and 5 the trash was plowed under, but no legumes 
were planted; and in plats Nos. 4 and 6 both the trash and the 
legumes were plowed under. The following table gives the results 
01 the test : 
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Velvet beans and cowpeas have been the only crops so far tested in 
this experiment to determine the extent to which they utilize atmos- 
pheric nitrogen. Cowpeas, velvet beans, Crotalaria sp., and sweet 
clover are also to be tested further. Comparative tests are under 
way to determine the amount of nitrogen and other fertilizers re- 
moved by the crop and the effect of the treatment applied on .soil 
composition. 

EFFECT OF SULPHUR AND SULPHUR COMPOUNDS ON PORTO RICAN SOILS 

Results of preliminary experiments with sulphur and materials 
carrying sulphur in soluble form failed to indicate any increase in 
plant growth due to added sulphur. In comparative tests, made on 
a red clay soil, with and without the addition of lime, native bat 
guano was found to contain enough sulphur in soluble form to more 
than satisfy the needs of the plants. In a second test the fertilizers 
applied lacked sulphur either in a soluble or insoluble form in the 
control pots. The test pots were treated with sulphur or calcium 
sulphate to observe their effect on plant growth. Sulphur failed to 
produce any increase in yield regardless of whether the soil was 
limed or unlimed when nitrogen and potash were the fertilizers 

65361—26 2 
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added. Calcium sulphate failed to bring about any increase in yield 
in the unlimed pots, but doubled it in the limed pots. When phos- 
phoric acid was used with nitrogen and potash the addition of cal- 
cium sulphate always produced an increase in yield, the limed pots 
producing the largest increases. When no sulphur was used tlie 
yield of the limed pots was below that of the unlimed pots. How- 
ever, the addition of calcium sulphate to the limed pots produced a 
yield which fairly equaled that in the unlimed pots. 

ANALYTICAL WORK 

Irrigation and drinking waters, feeds, fertilizers, minerals, and 
other materials sent in from various sources were .analyzed when it 
was thought the results would be of general interest or importance. 
Analytical work was also done for the other departments of the 
station, including the analysis of the juices of recently introduced 
varieties of cane and seedlmg canes for the assistant horticulturist. 
Comparative studies were made of the composition of the juices of 
Uba cane and Java Unknown when the crops were harvested at dif- 
ferent periods of maturity, and of the deterioration occurring in the 
juices after the canes were cut and left on the field for several days. 
Notes were made of the changes in the Brix hydrometer reading of 
the juices, sucrose content, purity of juices, reducing sugars, and 
quantity of juice extracted from the canes under similar conditions. 

REPORT OF THE HORTICULTURIST 

By T. B. McClelland 
EFFECT OF VARIATION IN DAY LENGTH ON GROWTH OF CERTAIN PLANTS 

A large part of the year w^as devoted to a study of the effect 
of variation in day length on blossoming and growth of certain 
local plants. A June day length in this latitude, 13.2 hours, was 
found to be too long, and one of 10 hours too short, to induce blos- 
soming of Tephrosia Candida^ a tropical legume which is used as a 
cover crop. Shortening the day from the long day of summer to a 
12-hour length promptly induced blossoming, whereas a continua- 
tion of exposure to the long summer day inhibited it. Heavy blos- 
soming was induced out of normal season through artificial manipu- 
lation of the length of daily light exposure, and growth as well as 
blossoming was affected to a pronounced degree, the longer day 
producing growth with longer internodes and larger leaves. Mis- 
cellaneous plants, which were grown under day lengths approximat- 
ing those of June and December in this latitude, showed pronounced 
and interesting differences in behavior. The day was shortened to 
11 hours for one group and lengthened to 131/^ hours for the other. 
Although planting may be made every day in the year in Porto Rico 
so far as the temperature is concerned, plant growth is influenced to 
such an extent by any variation in normal day length as to make the 
planting season m many instances the deciding factor for success or 
failure. 

Bermuda onions, grown under the short winter days, were trans- 
ferred from the field while still in the " spring onion " stage, three 
months after planting. Thirty-three days later the bulbs in the long- 
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day group were more than twice as large as those growing under the 
reduced day length. Roselle showed buds at 4 weeks after phmting 
under the short-day length, carried large red fruits, though only 6 
inches high, at 10 weeks, and matured seed at 14 weelS. These 
plants remained about 5 inches high. Of the plants which were kept 
under the long exposure for 514 months, the tallest attained a heignt 
of 36 to 45 inches, and none showed a tendency to blossom. These 
plants were still growing vigorously when those under the artificially 
shortened day, having fruited, were dying. (Fig. 3.^ Small rad- 
ishes which were taken from the field and placed in tne two groups 
showed differences as early as 8 days after setting. The effect of day 
length was here most pronounced, much larger leaves and ixwts devel- 
oping under the longer exposure to light. Zinnias blossomed under 
both exposures but showed decided differences. Under the shorter 
day they blossomed at 5 weeks, but under the longer day they re- 
(juired about 8 weeks. Under the short day the plants were spind- 
Img and produced numerous blossoms, whereas under the long day 
they grew more vigorously, attained a greater height, and had 
broader leaves and fewer but larger blossoms. The long day inhib- 
ited blossoming in cosmos, while the short day produced small, 
spindling plants which opened their first blossoms at 39 days after 
the seed was planted. Poinsettias behaved similarly. (Fig. 4.) 
Biloxi soy beans opened the first blossom at 30 days after planting 
under the short exposure and at 47 days under the long exposure. 
The former carried good-sized, well-filled pods at 2 months, while the 
latter, although blossoming, were as yet setting no pods. Seed ma- 
tured in less than 3 months under the short exposure and the dwarfed 
plants at 3i/^ months, with crop matured, retained few leaves, made 
no further growth, and soon died. Five months after planting the 
I)lants under the long day were large, well foliated, and bore pods 
turning from green to brown. The height attained under the snort 
day was approximately 1 to 1^4 feet and under the long exposure 
•^> to Zy2 feet (fig. 5). Tith/mia rotundifolia developed much more 
rapidly under the short day. Two weeks after tne plants were 
placed in the two groups, those under the short exposure showed an 
average increase in height of 8 inches, in contrast with an increase of 
2 inches under the long exposure. Seed matured under the short 
exposure before the first blossom opened under the long exposure. 

CROTALARIA SPP. AS COVER CROPS 

Tests are being made with Crotalaria spp. to determine their effi- 
ciency as cover crops, and seed of the most vigorous growing species 
is being distributed to those desiring it. 

ROOT CROPS 

Sweet potatoes. — ^Approximately 40 varieties of sweet potatoes 
from both continental and insular sources have been under test at 
the station during the past four years. These have now been reduced 
to one of the local "mamey" or orange-fleshed varieties and nine 
^ arieties which were imported from the north, and they are consid- 
^ red best from the standpoint of yield and quality. Annual plant- 
ings for comparative purposes are made in 50-foot rows spaced 5 feet 
apart. Key West and Madeira led in production, each yielding at 
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the rate of little more than 15 tons per acre (fig. G). A still higher 
yield — 260 pounds, or at the rate of approximately 221^ tons per 
acre — was obtained from a 50-foot outside row of Ivev West, which. 




-Effect of length of daily illumination on roselle plants. At right, illuminated 
equal to June days ; at left, equal to December days 

because of its position, was not included in the comparisons. Owing 
to their superior table qualities and consistently high yields through- 
out the tests, one or the other of the varieties leading in production 
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Fio. 4. — Poinsettia plants. Kight, short -day illumination ; left, long day 











Fig. 5. — Biloxi soy beans. Right, short-day illumination ; left, long day 
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each year, Key West and Madeira are unqualifiedly recommende<I 
for general planting. Extensive distributions of these varieties have 
been made on the island. 

Yams, — The yam collection has been reduced to 6 varieties whicli 
have shown themselves most valuable for this locality. Purple Cey- 
lon led in yield, producing on the average 4 pounds 14 ounces per 
hill, and was closely followed by the Potato yam, with an average of 
4 pounds 6 ounces per hill. The heaviest single tuber was produced 
by Dioacorea (data (S. P. I. No. 47001) and weighed 15 pounds IH 
ounces. 

Yautia. — To determine the effect, if any, of the form of the seed 
on the yield of yautia, the horticulturist planted differently shaped 
seed pieces of 9 varieties, using elongated tubers, short plump tubers, 
and tops and other cut sections of the rootstock. The pieces were as 




Fig. 6. — Variety test of sweet potatoes. Key West, variety in center, yielded at the rate 

of over 15 tons per acre 

nearly imiform in weight as possible, those of 8 varieties weighing 
between 70 and 110 grams and of the other variety between 60 and 
100 grams. The total difference in weight of the crops from the 
different kinds of seed was found to be only 19 per cent, the elongated 
tubers leading in production, and the cut sections of the rootstock 
ranking lowest. The heaviest yields in 5 varieties were from elon- 
gated tubers and in 4 varieties from short tubers, the difference in 
weight of the totals of the two forms amounting to 10 per cent. 
Heavier yields were obtained from the tops of rootstocks than from 
the lower sections for 6 varieties, and the opposite was true for the 
3 other varieties. No definite, consistent correlation was apparent 
between the form of seed piece planted and the weight of the crop 
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harvested, the elongated tubers leading in 3 eases, tops in 3, cut sec- 
tions in 2, and short tubers in 1; and the elongated tubers ranking 
lowest in 2 cases, tops in 1, cut sections in 4, and short tubers in 2. 

Dasheen and taro, — ^With dasheen and taro the effect of size of 
seed piece on the resulting yield was pronounced for the tests as a 
whole and consistent for each variety tested. In four varieties tubers 
weighing between 70 and 100 grams were used as small seeds, and 
tubers weighing between 140 and 200 grams as large seeds. Seed for 
two other varieties was slightly smaller but similarly contrasted as 
to relative size. At harvest time the yield from 10 seed pieces of each 
variety was weighed. The total increased yield from the planting of 
large tubers was 17 per cent and amply repaid the greater initial 
cost of the larger seed. 

The Penang taro has demonstrated its excellent table quality and 
also its very poor keeping qualities. It is a highly desirable variety 
for the home garden, but its perishability is greatly against it as a 
commercial product, a large percentage of the corms rotting within 
a week after digging. 

AVOCADO 

Of the various methods of propagating the avocado, those de- 
scribed as slot grafting ^ and bottle grafting ^ may be of interest to 
avocado growers in Porto Rico. In slot grafting (fig. 7) the scion is 
tapered to a wedge shape with a long, oblique cut, and then inserted 
under an upright tongue of bark which has been cut to fit (ilosely, 
both tongue and scion being held in position by a fine brad driven 
through the graft into the wood of the tree. Tne scion and exposed 
surfaces are then coated with paraffin, which is sufficiently warm to 
spread. In bottle grafting, an obliaue slit is made well up on a 
long scion, which is then placed saddle fashion on a stock that has 
been cut in the form of a wedge, the union being secured by waxed 
tape. The base of the scion is immersed in water tmtil the new 
gi-owth has developed and hardened. (Fig. 8.) 

COFFEE 

Fertilizer experiments with coffee were carried on as previously 
outlined. Potash and nitrogen continue to show themselves more 
effective than acid phosphate in increasing yield, the former each 
appearing seven times and the latter three times in the fertilizer 
combination applied to the 10 plats making the best yields of the 40 
included. In a cooperative experiment a 7:7:7 fertilizer gave a 
substantial increase m crop in the past year following semiannual 
applications at the rate of 350 pounds per acre. In experiments 
comparing sulphate of ammonia and nitrate of soda in combination 
with acid phosphate and potash, plats receiving the former yielded 
in the 1923 crop 7^ liters of cherries per tree, whereas those receiv- 
ing the latter, produced 4^% liters, which is in accord with their pre- 
vious performance. An extensive pot test has been begun to inves- 
tigate further the apparent superiority of sulphate of ammonia over 
nitrate of soda as a lertilizer for cotfee. Applications of nitrate of 
soda are made semiannually in some instances and monthly in others, 
and with and without sulphur, all with corresponding checks. 

^Joar. Heredity, 14 (1023), No. 9, p. 399. 'Idem., No. 4, p. 171. 
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HIBISCUS 



Over 500 hibiscus seedlings, some of striking beauty, are growing 
at the station. Most of them are the result of crosses between re^ 
cently imported and locally grown varieties, and approximatelv 100 
are the progeny of a Hawaiian introduction (Hawaii Sta! No. 
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Fig. 7. — Slot-grafted avocado, 140 days after placing scion 

205:2) pollinated with Hibiscus schizopetalus. The former bears 
small white to straw-yellow flowers in which the eye is carmine, and 
the latter flowers shading from bright rose to carmine. The seed- 
lings from this cross are of very vigorous habit and show a wide 



POBTO RICO AGRICULTURAL EXPERIMENT STATION 



17 



range of growth, foliage, and form and color of flowers, the latter 
ranging from very pale tints of pink and salmon through the scale 
to red and carmine. The range in variety would seem to fall not far 




Fig. 8. — Bottle-grafted avocado, 50 days after placing scion 

short of the number of individuals, involving in the flower, size, 
shape, scalloping of petals, absence or presence and size of eye, 
tinting or shading and blending of colors on both upper and under 
Mirface of petals, and color of stigma. (Fig. 9.) 



18 PORTO RICO AGRICULTURAL EXPERIMENT STATION 

REPORT OF THE ASSISTANT HORTICULTURIST 

By Josi A. Saldana 
SUGAR CANE 

Two recently introduced varieties of sugar cane — B 14761 and 
Mauritius Seedling — show considerable susceptibility to the mottlin«j 
and root diseases. The variety E. K. 28 from Java continues to do 




Fio. 9. — Flowers of Hibiscus crosses. Flowers of parent species at top 
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Avell, although it requires very well-drained soil for best develop- 
nient. Anotner of the introductions is an unidentified variety called 
-.lava Unknown," which is supposed to have come from Java, It is 
very similar to Uba, Cayanna-10, and Zwinga, but can be distin- 
guished from tliem by its swollen nodes, heavier stooling habit, 
darker green leaves, and by the ease with which it may be stripped. 
In a comparative test with Uba it yielded 55.52 tons of cane per 
acre, whereas the Uba yielded at the rate of 49.19 tons. The follow- 
ing table gives the average results of a series of analyses of these 
two canes: 

Chemical analyscff and calculated iiiclds of Java Unknown and Uba oane^ 



I 

VftmAnffyinft ^^^* Sucrose Coefficient extracted' 'yieTd'of 

Aameoicane | reading content of purity by small ; sugar per 



Total Juice , Calculated 
iracted yield o( 
r small I sugar pei 
mill acre > 



Degrees Percent Percent Ton* 

Java Unknown 18.38 14.45 i 78.60 55.61 5.834 

Uba 17.75 14.55 82.36 67.79 5,019 



» The analyses were made when the canes were about 16 months old. 

» Calculations based on 76.79 per cent (or Uba and 74.61 per cent for Java Unknown, as extracted by the 
larger mills. The latter variety was little over 2 per cent lower in extraction than Uba. 

The variety P. O. J. 2725, a Java cane which was received from 
Tuciiman, Argentina, show^s high resistance to the mottling disease 
and produces a lar^e number of canes to a stool. In general, it is 
considered a promising variety. 

Of the 8,000 seedlings which were set in the field, only 18 were 
selected for further testing, the others being discarded because of 
susceptibility to the mosaic disease or of inferiority to the parent 
varieties. Most of the seedling^ were from P. R. 359, which, because 
of its susceptibility to mosaic disease, does not appear to be desirable 
for additional breeding work. In the fields of P. R. 359, from which 
arrows were collected, the mosaic infection was 100 per cent. The 
resulting seedlings did not develop the disease directly, but nearly 
all of them got it by secondary infection. 

The following list gives the number of seedlings produced by the 
different varieties in 1924: D 109, 28,000; P. R. 492, 380; B 6308, 151; 
G. C. 1486, 135; B 3412, 89; S. C. 12/4, 76; Rayada, 63; P. R. 409, 
34; E. K. 28, 18; P. R. 449, 9; P. O. J. 36, 5; P. O. J. 105, 2; and 
F. C. 306, 1. Of a total of 28,963 seedlings, only 2,100 selected 
specimens were set in the field. 

Some of the varieties which were tested between 1920 and 1924 
have shown complete or partial sterility. The Uba cane, proving 
male sterile, was considered adapted to cross-pollination with pollen- 
fertile varietiesv The varieties P. O. J. 36, P. O. J. 105 (Egyptian), 
and F. C. 306 gave very poor germination. Cayanna-10, t>. 438, 
and Cristalina did not germinate at all. The varieties giving a 
fairly good germination included E. K. 28, S. C. 12/4, G. C. 1486, 
B. 6308, P. R. 409, P. R. 449, Rayada, B. 3412, B. 1809, B. 4596, P. R. 
292, and P. R. 358. Those giving excellent germination were D. 109, 
P. R. 359, and P. R. 492. 
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TOMATOES 

Of the varieties tested during the year, Trucker Favorite and 
Matchless were the most susceptible to bacterial blight, the crop 
being destroyed before the yield could be determined. Cristobal 
procuiced on the average 2.86 pounds of fruit per plant and Ha- 
waiian Hybrid 2.97 pounds, during a comparatively short period, 
then succumbed to blight. Burpee Self-Pruning produced a fair 
crop, approximately 2.94 pounds of fruit per plant, but proved sus- 
ceptible to attack by blight and Phytophthora. Dwarf Stone 
showed some resistance to blight, and Stark Blight Resister (prob- 
ably same as Norton), which yielded fairly well, proved markedly 
resistant to disease, being one of two varieties to yield for the longest 
period. The varieties Greater Baltimore, New Century, Trophy, 
jPonderosa, Imperial, Stone, Lares Smooth, and Arlington have been 
under test for two years. Of these, New Century, Greater Balti- 
more, Lares Smooth, Stone, Imperial, and Arlington are the best 
yielders. Hybridization done in previous years included crosses 
between Prolific and Stone, Greater Baltimore and Lares Native, 
Arlington and Greater Baltimore, Lares Native and Stone, New 
Century and Insular Station No. 433, and Insular Station No. 433 
and Diener. From the above crosses strains have been selected and 
tests made each year under adverse and favorable conditions. Of the 
selections tested this year on land on which several crops of tomatoes 
had succumbed to blight, the hybrids obtained by crossing Insular 
Station No. 433 and Diener 1-10 proved to be the most resistant 
to bacterial blight. This strain is very prolific, yielding at the rate 
of 3.89 pounds of fruit per plant and bearing large clusters of 
small-sized fruits which are suitable for marketing. The progeny 
of Lares Native X Stone, Greater Baltimore X Lares Native, and 
New Century X Insular Station No. 433, from which the bitter flavor 
of the native parent has been eliminated, are doing fairly well. 

MUSKMELONS 

In December, 1923, two selections each, from a native muskmelon 
crossed with Salmon Tint Pollock and with Casaba, were set in hills 
2 feet apart in beds 7 feet apart. The plat was treated with a mixture 
of sodium nitrate (3 parts), phosphoric acid (4 parts), and potassium 
sulphate (1^ parts), applied at the rate of 4 ounces per hill, and the 
plants were sprayed with nicotine sulphate (4 cubic centimeters of the 
sulphate to 1 gallon of water) for plant-lice control. Cycospora and 
downy mildew attacked the plants and caused premature fruiting. 
Seed for further planting was saved from hybrids showing the most 
resistance to mildew. Notes were taken on earliness, vigor, weight, 
number, ribbing, netting, and shape of fruit, and color and quality 
of flesh. One of the hybrids of the native melon crossed with 
Casaba shows considerable uniformity in plant and fruit characters, 
but the fruit lacks flavor. A hybrid of the native melon crossed 
with Salmon Tint Pollock is not only prolific but the flavor of its 
fruit is all that can be desired. Selected seventh generation hybrids 
of both crosses, planted in. April, 1923, and sprayed with Bor- 
deaux mixture for fungus control, produced fine crops. The fruit 
of the native irielon crossed with Casaba continues to lack flavor, 
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however, whereas that of the native variety crossed with Salmon 
Tint Pollock has good flavor and weighs 3 to 7 pounds each. Some 
of the hybrids inherited the size, shape, and ribbing of the native 
melon and the sweetness of Salmon Tint Pollock, and others, the 
shape, netting, flavor, and smoothness of the Sahnon Tint Pollock 
and size which is intermediate between that of both parents. The 
fruit of the Salmon Tint Pollock weighs on the average 2% pounds, 
and that of the native muskmelon 7 pounds. 

SWEET CLOVER 

Hubam clover, an annual variety, and Bokhara, a biennial, make 
thrifty growth at the station, especially during the rainy season. 
Hubam does well even in the dry season when it is sufficiently irri- 
<rated. 

PAPAYA 

Plantings of papaya seed, from various local sources, are being 
made to isolate, if possible, a hermaphrodite type yielding a heavy 
crop of fruit of good quality, uniform shape and size, and proving 
resistant to nematodes and disease. 

REPORT OF THE PLANT BREEDER 

By R. L. Davis 
FIELD CORN 

The material used in the 1924 field-corn experiments consisted 
largely of ear-to-row selections which were left by the former plant 
breeder, and ears collected this season from the western part of the 
island. At the time the collection was being made it was learned that 
drought had ruined the corn crops in the Lajas district during five 
successive years. Experiments were therefore started with corn to 
test its drought-resistant properties. Drought-resistant varieties 
Avould be of decided advantage even in the rainy sections of the 
island, as at the station, where dry periods of five to eight days' 
duration are likely to occur during the growing season. A short ary 
period in the Tropics is serious because of the excessive rate of evapo- 
ration of moisture from both plants and soil. Porto Rico corn is in- 
jured by drought in the seedling stage and in the silk. The seedling 
stage was chosen as the most convenient one for study. Germina- 
tion flats were filled with equal quantities by volume of river sand 
and watered to saturation. From each ear a 50-seed sample was 
planted an inch deep in rows and kept watered to saturation until 
the corn was 8 days old. The foliage of half of each sample was cut 
and weighed separately and the remainder w as placed under a glass 
roof and deprived of water for eight days. Marked differences in 
ability to resist wilting were noted in the seedlings of the various 
parent ears. Nor were the differences governed by weight of foliage, 
several of the strains having the largest amount of foliage by weight 
resisting wilting several days longer than all others. 

It was then thought advisable to determine the extent to which 
germination under field conditions would confirm results obtained 
under laboratory conditions. Strain No. 276-19, the second best 
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yielder in 1923 and a partially drought-resistant sort under labora- 
tory conditions, was used as a control. Seeds of the check variety 
were sown a foot to the left of each hill of all the ear-to-row selec- 
tions; hence, at two weeks after planting, each corn seedliiig could 
be compared directly as to degree of drought injury with a seedling 
of the check variety grown practically in the same hill. (Fig. 10.) 
During June, 1924, when the field planting at Mayaguez was a 
week old, a drought set in which lasted during the second week 
and made conditions strongly paralleling those of the artificial 
drought in the laboratory. Espiral and Gigante, the two most sus- 
ceptible strains under laboratorv conditions, were practically elimi- 
nated by the stunting effect oi the drought in the field. On the 
other hand, Cacique-4 and Medio Cacique-6, which withstood the 




Fig. 10. — Drought injury to com 14 days old. On right, variety Espiral injured and failed 
to mature. On left, variety No. 276-19, which escaped with little Injurj- 

artificial drought, were scarcely injured by the field drought. Of 
all the strains tested in the spring parent ear Caciaue-1 was the most 
resistant to drought under both laboratory and field conditions. 

The outcome from the yields of "shelled corn confirm the fact that 
ears producing seedlings which wilt readily when deprived of water 
under laboratory conditions are undesirable for planting. (Fig. 11.) 
Thus, Espiral and Gigante, which produce strongly susceptible seed- 
lings, yielded 28.4 and 30.8 bushels of shelled corn, respectively, per 
acre, while Cacique-4 and Medio Cacique-6 yielded 35.7 and 37.2 
bushels, respectively. Cacique-1 again demonstrated its superiority 
over other varieties as a drought resister and 3'ielded 42.2 bushels 
or over one-third more shelled corn per acre than did either Espiral 
or Gigante. In fact, Cacique-1 outyielded all the other corn ears 
tested this season by a clear margin of 5 to 14 bushels. 
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Caciqiie-l was according to appearances the most promising ear 
selected from the very dry district near Lajas. At one weeK the 
root system of Cacique-1 seedlings averaged several inches longer 
than those of the other ears, including those grown at Mayaguez in 
11)23 and those selected from the corn fields near Lajas. The 
foliage of the Cacique-1 seedlings ran one-third to one-half again 
as heavy as seedlings of other ears. The ear itself, a tapering 12- 
lowed one with very small cob and very long keystone kernels, was 
a type much favored by farmers in the Lai as district because of its 
ability to make a crop during years of arought. The individual 
kernels were shallow dimple dent with a white cap encompassing on 
the average about 10 per cent of the kernel. The color of the kernels 
varied from cadmium yellow to orange (Ridgway's color standard). 

Fortunately, on the strength of the favorable appearance of the 
ear and the vigor of the seedlings, a special breeding plat had been 
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Fin. 11. — Corn 14 days old, one week after being deprived of water. Showing effect oi> 

different varieties 

planted to Cacique-1 alone long before the yields of shelled com 
were available. One hundred and fifty selfed lines of Cacique-1,. 
the best yielder in 1924, have been started and foundation stock for 
building up a high-yielding variety for Porto Rico is already in the 
making. 

SWEET CORN 

The former plant breeder left a number of sweet-corn hybrids 
with native field corn. All sweet-corn seed failed to germinate 
excepting sugar kernels from No. 270, a native field corn selected in 
1921 from near Lajas. In 1922 several ears from this strain were 
found with 10 to 20 kernels segregating into sweet and starchy types. 
It is not Imown whether the strain is the result of chance pollina- 
tion from some variety of sweet corn grown in rural school gardens 
or whether it is a sport or mutation from the native field com. The 
sugar kernels from tlie 1923 crop of these ears were sorted out and 
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formed the basis for the 1924 breedin*^ work. The samples were 
rogued in the germination boxes and resulting vigorous seedlin*rs 
with long roots and healthy green leaves were transplanted to the 
field. Just prior to tasseling all unhealthy plants were again 
rogued. The remaining plants reached a height of 6 to 8 feet and 
produced ears which were 4 to 7 inches long and well filled to the 
tip with sweet kernels. (Fig. 12.) Introduced varieties of sweet 
corn do not attain a greater height than 3 to 4 feet and produce ears 
which are rarely more than 3 to 4 inches long and soon become 
worm-eaten. 

The original crossbreeding work was between Henderson Sugar 
and a white native field corn. This was run through four genera- 




FiQ. 12. — Sweet-corn iraprovemetit On right, usual type of sweet-corn ear ; left, cross- 
bred ear ; center and below, corn from selected kernels of ear on left 

tions and then crossed with a yellow native field corn to improve its 
vigor. The Fo generation of this hybrid is vigorous and apparently 
adapted to the soil and climate of the island. 

REPORT OF THE AGRICULTURIST 

By H. C. HENracKSEN ' 

PINEAPPLE INVESTIGATIONS 

Pineapple-production investigations were begun in 1922, but re- 
ceived little attention because of the demands made upon the agri- 
culturist's time by other work which had to be finished at once. In 
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1923, a series of pot culture experiments was started to supplement 
work in the field, and in 1924 a systematic study was made of various 
K)il, fertilizer, and cultural problems having an important bearing 
on the pineapple industry in Porto Rico. 

SOILS 

Pineapple plants on certain areas outwardly manifest the unsuit- 
ability of the soil in which they are growing in a lack of uniformity 
in size and color of plants. Ihis is always apparent a few montli^ 
after planting, although it may be less so later. The unsuitable areas 
are not readily discernible until after planting. They usually occur 
in streaks or patches which are slightly lower than tne surrounding 
areas, and when seen from an altitude of 15 feet or more appear 
lighter in color than these areas. Investigations are now under way 
to determine, if possible, in what respects these soils differ. Field 
results indicate a lack of organic matter in the soils, but laboratory 
tests show little difference between the two kinds oi soil in this re- 
spect. Heavy fertilization benefits the plants on the poorer soils, 
but it does not completely remedy the defect; sulphur, likewise, is 
beneficial when the soil reacts neutrally but is not a complete remedy. 
Sucli factors as soil aeration, moisture, temperature, plant nutrient 
content, and chemical reaction have been used as a basis for deter- 
mining the suitability of a soil for pineapples before planting, and 
the work has progressed sufficiently to permit drawing conclusions in 
the near future. The problem of making an unsuitable soil suitable 
is being solved by noting the effect of drainage, subsoiling, and the 
application of organic matter and various inorganic elements on the 
crop. The results would seem to indicate that subsoiling, in which 
tlie soil is brought from a depth of 18 or more inches to the surface, 
usually benefits the plant. The application of organic matter, such 
us manure, straw, or muck, has been beneficial in all cases. Sulphur 
(an be recommended for use on a soil containing little limestone, but 
not where coral sand is the predominating constituent. 



FERTILIZERS 



Results of experiments in the field and with plants grown in water 
and sand cultures indicate that no fertilizers are needed during the 
first four to eight weeks after planting. After that time nitrogen 
and potash in large quantities are needed, as is shown by the differ- 
ence in growth of plants receiving these elements in varying quanti- 
ties. Phosphorus, on the other hand, does not seem t<5 be of so much 
importance. The most suitable form of nitrogen was also investi- 
irated for the reason that growers have found sulphate of ammonia 
desirable, and nitrate of soda undesirable, for the pineapple plant. 
This has led to the erroneous belief that the pineapple prefers 
nitrogen in form of ammonia. Water-culture tests at the station 
show that the pineapple plant removes no ammonia from the solu- 
tions, but readily absorbs other forms of nitrogen, especially potas- 
sium nitrate. Results of studies, made to learn why dried blood and 
cottonseed meal are frequently ineffectual as fertilizers, showed no 
failures due to a lack of nitrification. Nitrates may be present, but 
the plants do not thrive as they do with sulphate of ammonia. Sul- 
phur, when used in combination with dried blood, apparently reme- 
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dies the defect, which would seem to indicate among other things 
that soil acidity is a limiting factor. This, however, has yet to h^ 
determined. 

REPORT OF THE PLANT PATHOLOGIST 

By C. M. TrcKKR 
COCONUT BUD ROT 

In September, 1923, investigations were undertaken to determine 
the organism causing coconut bud rot, as well as the factors con- 
tributing to its dissemination, virulence, and incubation period, and 




Fig. 13. — Early indication of coconut bud rot 

the practicability of eradicating diseased palms as a means of con- 
trol. A survey of the western coast of the island, from Mayaguez 
to Rincon, revealed about 700 cases of bud rot. Palms were attacked 
in all stages of growth, those in sheltered location proving the most 
susceptible to the disease. Infection occurs most frequently during 
the rainy season. 

The first symptom of bud rot is the death of the young emerging 
leaf, followed by other young leaves. (Fig. 13.) These are soon 
broken over by the wind and hang, tips downward, finally falling 
from the central column, leaving, surrounding the apex of the trunk, 
a fringe of healthy, nearly horizontal green leaves which gradually 
fall away until defoliation is complete. (Fig. 14.) Examination of 
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leaves that are removed with the petioles from the trunk usually dis- 
closes the presence of a dark-brown decayed spot near the base of 
one of the inner leaves. (Fig. 15.) Experiments have shown that 
infection may occur near the base of the leaf and spread through the 
intervening sheaths, increasing in activity as the tissue encountered 
becomes soft and watery; or it may spread from the youngest leaves 
to the bud and spongy generative tissue beneath, converting both 
into a soft, watery, malodorous mass. 

The earliest attempts to isolate the causal organism gave nearly 
pure cultures of a bacterium closely resembling Bacillufi colL Ex- 
periments in which the bud was inoculated with culture^ of the 




Fio. 14. — Coconut tree in advanced stage of bud rot 

organism resulted in the emergence, six weeks later, of diseased 
leaves which were not typical or field cases of bud rot. Several of 
the 3^oung leaves were badly spotted and deformed, but later leaves 
were healthy and normal. Check trees, wounded as for inoculation 
but not inoculated, produced the same type of apparently diseased 
leaves, after which normal leaf production was resumed. 

In February, 1924, a species of Phytophthora was isolated from a 
palm in the earliest observable stage of bud rot. The fungus was 
grown in pure culture and used tor inoculating healthy palms. 
Typical cases of bud rot followed inoculation of both wounded and 
unwounded palms. The fungus is probably of the P. fdberi group, 
no oospores having been observed. The conidiospores have an aver- 
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age length of 50.4 microns and an average diameter of 30.23 microns, 
corresponding closely to measurements of P. faheri. The chlamydo- 
spores have an average diameter of 32.9G microns, and are consider- 
ably smaller than those of P. faheri^ corresponding more closely to 
the chlamydospores of P. palmivora as described by Butler. 

Forty-two diseased palms were cut and burned in a grove in the 
Pefia Cortada district, Mayaguez, in November, 1924, to determine 
the possibility of eradicating the disease in a given section by de- 
stroying the sources of infection. Six new cases appeared within the 
next six months, five being in a group of closely planted young trees 
that were sheltered by older palms and by houses. Each case oc- 
curred within 30 feet of the spot occupied by one of the 42 diseased 




Fig. 15. — But-rot infected coconut tree. Leaf bases 
reiuoved to show point of attack 

palms. The trees were cut and the buds burned. No new cases of 
infection were apparent four months later. 

A ROOT DISEASE OF VANILLA 

A Fusarium has been repeatedly isolated from diseased vanilla 
roots. Twenty pots were filled with soil from a vanilla planting 
where the plants were killed by the disease two years ago. Half 
of the pots were autoclaved and all were planted with vanilla cut- 
tings. Those in the autoclaved soil made a healthy growth, whereas 
those in the unsterilized soil failed to start, the roots being attacked 
and killed as soon as they appeared. Experiments using a corn-meal 
culture of the fungus to inoculate cuttings growing in coconut fiber 



PORTO RICO AGRICULTURAL EXPERIMENT STATION 29 

resulted in the infection of 50 per cent of the plants. Normally 
tho disease appears in plantings aboilt the fourth year, the accumu- 
lating acid from decaying organic matter probably creating favor- 
able conditions for its development. An experiment was started 
with 200 plants to determine the efficiency of liming in neutralizing 
the acid and preventing the growth of the fungus in the soil. Grow- 
ers have been advised to burn infected plants in situ, since the fungus 
spores may be disseminated from the diseased aerial roots. 

LEAF-SPOTTING FUNGI 

Morphological studies are being made of leaf-spotting fungi (Cer- 
cospora diVii Helminthospoynum spp.). Thirty-five species oi the 
fungi have been examined, and drawings and biometric measure- 
ments made of the conidia and conidiospores, and descriptions writ- 
ten. The Helminthosjwriuvi spp. are being grown in cultures. 
Several new features have been discovered. 

SCAB-RESISTANT GRAPIgFRUIT 

The progeny of Duncan, a commercially valuable variety, crossed 
with Triumph, a relatively scab-resistant variety, has as yet pro- 
duced no fruit. Seedlings producing fruit of commercial value will 
be grafted on rough lemon stock in a location where the scab is 
especially prevalent to determine their disease resistance. 

BANANA WILT 

A planting of Chamaluco bananas, selected for resistance to the 
banana-wilt organism {Fiisariurn cuhense)^ failed to fruit this year. 
Although the plants have been limed and fertilized, they invariably 
succumb to the disease before blossoming. The planting will be 
destroyed and the infected area devoted to varieties which are 
thought to be resistant to wilt. 

o 
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REPORT OF THE DIRECTOR 

By D. W. Mat 

Amcultural production in Porto Rico showed an increase during 
the fiscal year 1925. The production of sugar cane, the leading crop, 
was the largest in the history of the country, notwithstanding the 
fact that the price of sugar was less than since 1914. CofiFee brought 
good prices, and the miit industry prospered. Increased produc- 
tion is attributed to employing better fertUization and methods 
of cultivation, practicing rational systems of rotation, growing 
improved varieties of economic plants, and introducing purebred 
livestock. 

LIVESTOCK 

The station since its inception has strongly stressed the need of 
importing improved breeding stock into Porto Rico, and has benefited 
the local industry by lending purebred sires for breeding, hj assisting 
farmers to procure better stock from the States, and by distributing 
surplus station-bred animals at a nominal price to all parts of the 
island. So far as known, the station introduced the first registered 
horses, cattle, and pigs into the country. The ever-changing economic 
conditions have brought about a difference in the use of certain of 
the domestic animals. Horses, once saddle-bred or used to draw 
light vehicles, are being replaced by the automobile. Cattle, used 
in the early days to cultivate the soil and for heavy transportation, 
are rapidly giving way to the tractor in the field and to the auto- 
truck on the highway. 

The native cattle are good f oimdation stock. They are large-boned , 
excellent work animals, and their upkeep is small. They are slow to 
mature, however, are poor milkers, of poor beef form, and show a 
lack of selection in breeding. The station, by crossing native cows 
with purebred sires, has developed a herd carrying fifteen-eixteentba 
Guernsey blood. A few purebred heifers have been added^ to the 
herd. Each succeeding generation has steadily increased in milk 
32604—27 1 1 
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production. Some of the three-quarters bred cows have yielded over 
5,000 pounds of milk annuidly, and the purebreds with first calves an 
average of 4,500 pounds annually. The station has amply demon- 
strated that early development, improved conformation, and increased 
milk production can be brought about by using purebred sires, and 
that, given the good care to which they are accustomed in the 
North, purebred animals can be developed in Porto Rico. Under 
the present conditions, however, the breeder is advised to build up 
his herd by introducing purebred sires of the breed he fancies most 
and to confine his eflforts to breeding either for beef production or 
for dairy qualities. 

DAIBTING 

Profits from raising cattle for dairy purposes give promise of ex- 
ceeding those obtained from any other branch of anmial industr} . 
Demands for beef and dairy products continue to increase. The 




FiQ. l.'—Oheddar, Swiss, and Edam cbease made at tho Porto Rico Experiment Station 

imports of the latter are among the largest of the island, and were 
vahied at $2,039,221 during the year. Probably the greatest demand 
of the present is for fresh milk, which brings the highest returns of 
the dairy products. Although dairying is on the increase, in time it 
will be impossible to market all the milk that is locally produced. 
A surplus of the commodity can best be used in the form of butter 
and cneese. The station, anticipating this situation, has made some 
experiments to determine what factors influence butter and cheese 
making under tropical conditions. Results of the experiments so far 
indicate that sweet cream butter and several kinds of che^ can 
easily be made without the use of ice, and that a surplus of milk can 
be converted into salable products for local consiunption. Cheddar, 
Swiss, Stilton, and Roquefort cheese have been made at the station 
(fig. 1), the proper organisms having been isolated from imported 
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Stilton and Roquefort cheeses. Powdered rennet, which can be 
readUy gauged to any (}uantity of milk, has g^ven the best results 
when used with milk which was carried over night and mixed with 
that obtained the next morning. 

RBFOBB8TINQ 

Mahoeany (Swieienia maJuigoni) (fig. 2), horsetail tree or Australian 
ironwooQ {Vdsuarina equisetijolia), and Maria (CalophyUum calaba) 
are making the best growth of 60 acres of forest trees planted in 1924 
by the station. 

A number of economic questions enter into the problem of reforest- 
ing land in Porto Rico. Where the trees have been cut from the 
land the soil is deficient in nitrogen. To make these lands an agri- 
cultural success they should be planted with a leguminous tree or 
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Fio. 2. -One-year-old mahogany trees at the Porto Rioo Siperiment Stotion 

with a l^ume as a catch crop. Tree planting should be done with 
judgment and a look into future neeas. Forest trees make rather 
slow growth, and if the farmer of small means would derive some 
return from his land while soil improvement is going on he should 
plant early-maturing trees of economic importance. This planting 
may consist of fruit trees, such as citrus, coffee, or cacao, and if others, 
legumes as a nurse crop. Forest trees should be of a type not readily 
destroyed by livestock if the land is to be utilized for grazing while 
the trees are in process of development. 

FORAGE CROPS 

The areas planted with elephant grass {Pennisetum purpureum) 
and Guatemala grass (Tripaacvm laxum) were extended throughout 
the island. The grasses vary in yields under different methods of 
culture. The Guatemalan variety seems to be the more highly fa- 
vored by ranchmen. It makes quicker growth than does elephant 
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grass, is moie succulent, and is consumed in greater percentage per 
plant by stock. A well-balanced green ration mav be obtained by 
planting velvet beans in the stubble remaining after each crop of 
uuatemala grass is cut. Uba cane is also hirfily recommended as 
stock feed and perhaps can be more economical^ converted into milk 
than into sugar when the price of the latter is low and transportation 
charges are hiRh. 

Clovers, including white, red. sapling, mammoth, alsike, bur, crim- 
son, and peavine varieties, alfalfa, and hairy vetch grown from seod 
imported from the North were not a success at the station even whc^n 
inoculated with the proper nodule-forming bacteria. Further trials 
mav render these crops adaptable to island conditions. Lespedeza 
and Bokhara, or sweet clover, promise the greatest success for Porto 
Rico. When these varieties are planted in inoculated soil they bid 
fair to spread over the island, improving the soils and providing 
increased forage. 

SUGAR CANE 

The year was fairly prosperous for sugar cane, but the cost of 
production remained hign. The station is continuing to aid the sugar 
industry by breeding high-yielding varieties of cane proving immune 
to disease. Each year an increasing number of seedlings are rigor- 
ously selected for trial. During the past season over 100,000 seed- 
ling canes were produced. 

COFFEE 

Coffee brought an increased price during the year, and growers 
devoted more attention than formerly to the cultivation of the trees 
and planted varieties which were introduced and disseminated by the 
station. The repeated efforts of the station to induce growers to 
fertilize the crop are beginning to bear fruit. Low-yielding varieti(>s 
should be replaced with high-yielding, disease-resistant varieties, the 
seed of which may be obtained from the station for the asking'. 
Planters are also urged to prepare thoroughly and cultivate the soils 
intended for coffee, to change the variety of trees used to shade the 
crop, and to live on their plantations, when possible, in order that they 
may give the industry the full attention it requires. 

MARKETING AGRICULTURAL PRODUCTS 

Knowing how to market a crop is probably one of the most impor- 
tant requirements of modem agriculture. Success depends primarily 
on the kind of preparation given the crop or on the method followed 
for preserving the manufactured product. Perishable food products 
spou very quickly in the Tropics and may be either greatly improved 
or rendered useless by certain processes of fermentation. Many 
otherwise waste products can be saved by drying and canning. Tons 
of overripe, unshapely grapefruit, for example, are now profitably 
canned and marketed at leisure on-the mainland. 

The station has worked assiduously for 20 years in introducing, 
growing, and disseminating the best varieties of mango from differ- 
ent parts of the world, and is now endeavoring to provide a profit- 
able lOutiet for surplus quantities which are prevented by quarantine 
r^ulations from being exported. Methods of canning nave been 
developed as a means of utilizing the fruit and give promise of becom- 
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in^r of commercial importance. The canned product has the consist- 
ency and appearance of the peach. Experiments in canning the 
avocado have not been verv successful. The fruit is spoiled by 
cooking, absorbs too much salt when canned in brine, and is softened 
or dissolved, losing its character, when preserved in salad oils. 

CACAO 

Cacao yields fairly well in Porto Rico, but is not of the best qualitv. 
Of three varieties used in a local factory that from Venezuela ranks 
highest, and the varieties from Porto Rico and Santo Domingo next, 
in the order named. The difference in qualitv is probably due to 
the different methods used in curing. The Venezuelan variety is 
coated with earth at the close of tlie fermentation period. 

Cacao beans when removed from the pod are emoedded in a white 
slimy pulp which readily ferments. Fermentation causes the pulp 
to break down, releasing the seeds, and is accompanied by character- 
istic odors, especially of acetic acid. Fermentation, however, does 
not favorably affect the development of aroma within the bean. The 
aroma is developed by the action of flavor-forming enzymes in the 
bean, and an excessive production of acetic acid not only inhibits 
the action of the enzymes but also lowers the quality, especially the 
flavor, of the beans. 

Results of experiments made with various substances as coatings 
for the beans at the end of the fermentation period showed a favorable 
influence on the quality of the resulting product. Clay and natural 
lime gave the best results of the several applications tried. Improve- 
ment in quality of beans was due partly to the neutralization and 
elimination of the acids forming in the slimy pulp by fermentation 
and partly to coating or sealing the beans, which then retain their 
aroma. 

REPORT OF THE ASSISTANT CHEMIST 

By J. O. Carrero 

MANAGEMENT OF CANE SOILS 

Further studies were made of nitrogen utilization by cane soils. 
The second-plant cane crop, grown under treatments with nitrogen, 
legumes, and lime, was cut early in the year and crop yields of the 
different plats were recorded. Four stools in different parts of each 
plat were preserved to compare the proportion of trash, leaves, and 
tops with clean cane. Trash, leaves, and tops corresponding with 
the stools were preserved for analysis to learn the Quantity of nutri- 
ents they extracted from the soil and of loss when they were burned. 
Data were obtained on all the fertilizing elements extracted by the 
crop, the quantity returned to the soil in the trash, and the quantity 
lost when the cane was carted away. 

Samples of soils under treatment and from a check plat were taken 
to learn what fertilizing elements they contained and their acidity 
and lime requirements. Changes taking place in the various plats 
(luring treatment and the effect of each treatment on the soil were 
readily determined because the original composition of the plats was 
known. 

The trash, leaves^ and tops from the harvested plant crop' were 
Used as a mulch on sections of the field where mulching was required. 
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and quickly burned on other sections where a first ratoon crop was 
to be grown. No potash or phosphoric acid was applied to the crop. 
Nitrogen, the only fertilizer used, was applied in the form of ammo- 
nium sulphate to one section and as sodium nitrate to another. A 
third section was left to serve as a check. Table 1 gives the results 
of the test. 



Table 1.- 



-Comparative yield in tons of second-plant cane plats under differem 
treatments 



Plat series 



Limed: 
A — 
0- 



Unllmed: 
B- — 



Trash burned 



No 
legame 



Piatt 
32.864 
48.620 
47.108 



33.100 
4&110 
46.053 




Plati 
36.832 
49.320 
47.840 



36.960 
50.224 
48.000 



Plats 
30.200 
49.683 
47. 311 



35.000 
48.710 
46.416 



Trash plowed under 



Legume 
plowed 
under 



Plati 
32.430 
51.861 
48.860 



3&000 
51.600 
47.200 



No 
legume 



Plats 
29.600 
44.565 
41.620 



33.810 
44.180 
42.300 



Legume 
plowed 
under 



Plate 
133.180 

> 45. 880 
43.330 



»39.2n 
M6,O00 
M4.280 



1 No nitrogen. 



s Nitrogen as NaNOs. 



» Nitrogen as (NHOtSOi. 



In addition to the differences resulting from the various treat- 
ments given the plats, another and perhaps the main difference 
resulted from the use made of the crop residues and from the agency 
of a green-manure crop. To learn something of the behavior oi cane 
leaves and trash when buried in the ground, the dry, finely ground 
cane leaves that were saved for chemical analysis were mixed in 
different proportions with 200 grams of a red clay soil, chosen because 
of its low content of nitrogen and phosphorus. The test was carried 
on for 65 days, the different treatments being examined for ammonia 
and nitrate nitrogen every sixth day for the first 30 days and every 
tenth day for the remainder of the period. The test was repeated 
under similar conditions except that a river loam which was fairly 
rich in lime was substituted for the red clay soil. The checks in these 
tests failed to give closely concordant results except in a few in- 
stances where the smallest quantities of leaves were used. 

BPFBCT OF SULPHUR AND SULPHUR COMPOUNDS ON SOILS 

In continuation of experiments made to determine the value of 
sulphur as a fertilizer for Porto Rican soils two crops were raised. 
As was previously the case, the pots which were treated with sulphur, 
whether used as sulphur or as gypsum, showed slight increase in plant 
growth over pots receiving no sulphur. The soil under treatment 
IS deficient in phosphorus. Sulphur when used alone gave only 
insignificant gains as compared with nontreatment, but when used 
as sulphates showed considerable gain over both nontreated and 
sulphur-treated pots. Si^iificant gains resulted only when the sul- 
phur was accompanied by phosphorus, but the increase was smaller 
than when phosphorus alone was used. 
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ANALYTICAL WOBK 

During the year analyses were made of samples of the various field 
crops under experiment, cane leaves, trash, tops, and bagasse, and the 
juice of varieties of cane from 36 plats under observation. Soil sam- 
ples from the various plats under treatment were analyzed to deter- 
mine what changes took place in composition and texture as the 
result of treatment. Analyses were also made of 460 samples of 
cane juice as well as a few samples of guanos and soils that were 
sent to the station. 

REPORT OF THE AGRICULTURIST 

By H. C. Henricksen 

PINEAPPLE INVESTIGATIONS 

Pineapple production in Por;U) Rico has fluctuated within wide 
limits. since commercial cultivation of the crop began. In 1910 some 
277,000 boxes of fruit, valued at $555,000, were exported. Production 
increased until 1915, when 552,000 boxes, valued at $1,723,000, were 
exported, and decreased during the next four years, onlv 116,000 
boxes being exported in 1919 and 140,000 in 1920. Production 
again slowly increased, and in 1925 some 342,547 boxes, valued at 
$1 ,046,000, were exported. The fluctuation was partly due to a lack 
of knowing how to solve various problems connected with the indus- 
try. Fields did not continue to produce satisfactorily and new soils 
failed to produce as well as they were expected to; fertilizers did not 
always give the desired results, and the crop itself seemed to be dete- 
riorating. Crop deterioration, however, was partly overcome by 
introducing several million slips from Cuba in 1921, 1922, and 1923, 
and by planting in suitable soils in the mountain districts. To learn 
the answers to other problems, including how to produce slips equally 
as good as those from Cuba, obtain maximum yields from using ferti- 
lizers, and determine the suitability of soils before planting, the 
station began a series of pineapple-production investigations, the 
results of which have proved to be oi immediate practical value to 
local planters.^ 

SOIL MOISTURE 

Results of investigations show that growing plants of the Red Span- 
ish variety, 6 to 10 months old, transpire on the average 3 per cent 
of their weight every 24 hours. At this age each plant weighs approx- 
imately 1 kilogram, and, therefore, transpires 20 to 40 grams each 
24 hours. 

A method for determining the capability of a soil to deliver 20 to 
40 grams of water to a well-rooted plant was developed by using 
homemade soil points. These were cylinders made from brick clav. 
After being well baked they measured 1 inch in d'ameter and sliehtly 
more than 5 inches in length, and after the ends were shellacked the 
cylinders had an absorbing surface of 16 square inches. Their aver- 
age weight was 138 grams when dry and 164 grams when saturated, 
which was an increase in weight of about 19 per cent. Several cyl- 
inders were weighed and then buried in the soil about 6 inches deep 

* The molts have been published (or feneral disseminitioa in mimeofrapbed nnmben of Agriealtnnl 
Notes, available copies of which may be had upon application to the a^lciiltiirist. 
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and a foot apart. After 24 hours they were taken up, brushed, and 
ac;ain weighed. The gain in weight by all the cvlinders divided by 
the number used showed the average quantity of moisture absorbed 
from the soil by each cylinder. The quantity of moisture absorbed 
in a certain time depends upon moisture content, which varies in dif- 
ferent soils. A soil delivering an average of 5 grams of water each 
24 hours to each cylinder can be depended upon to supply 20 to 40 

frams to a well-rooted pineapple plant in the same length of time, 
t is concluded, therefore, that pineapple plants are not suffering from 
drought when grown on soils in which soil points continue to absorb 
5 grams of moisture eveiy 24 hours. By the use of soil points it was 
found that an excess moisture content was a problem more frequently 
than a deficiency. 

SOIL AERATION 

Many seemingly adverse conditions in pineapple fields were found 
to be the result of poor soil aeration. Lack of aeration may be caused 
by high water content, but frequently it is due to the physical com- 
position of the soil and the state of its colloidal matter. 

The state of the c Uoidal matter in the soil may be determined by 
stirring a sample of soil with water and allowing it to stand for about 
30 minutes. If the colloidal matter is in a state of perfect floccula- 
tion the soil will settle in that time, leaving the supei natant solution 
clear. If the colloidal matter is not in a state of perfect flocculation 
the soil will be a longer time in settling. The length of time required 
for settling may be used as a rough measure to determine the suit- 
ability of any soil for pineapple growing. In general, the more rap- 
idly the soil settles the more suitable it is for pineapples, provided 
that the reaction of the soil solution is distinctly acid. The problem 
of aeration is serious at times for planters using paper mulch. Mulch- 
ing has been used on a limited scale during the last two years and 
has been found to benefit soils that dry out during prolonged periods 
of drought. On the other hand, the results of the last year's inves- 
tigations show that mulching is detrimental on the same kind of soils 
or on any soils retaining water nearly to the limit of saturation dur- 
ing prolonged rainy periods. The damage caused has been ascer- 
tamed to be due directly to lack of aeration. 

SOIL BSACTION 

Results of the investigations also show that a soil yielding a solu- 
tion with a hydrogen-ion potentiality of 7 or over is not suitable for 
pineapple growing. A soil may prove to be suitable when the pH 
value IS wdl toward 6 and the colloidal matter flocculates well; on 
the other hand, soils ^ving a pH value of 6 and poor flocculation are | 
not likely to prove suitable. A soil may be said to be suitable when 
the pH value is much below 6 and the solution settles quickly. At 
least this holds true for all the Porto Rican soils thus far examined. 

IlfPROVINQ UNSUITABLE SOILS 

Results of the last year's investigations show that (1) the suitability 
of a soil for pineapple growing mav now be determined before plant- j 
ing; (2) it is possible to learn whether an unsuitable soil can be made i 
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suitable, and if so, whether economically : and (3) if a rational system of 
rotation is practiced, a field can be made to produce more tnan two 
crops of pineapples. 

An area which is not sufficiently aerated, due to an overabundance 
of moisture, should be thoroughly drained, when possible. SoUs con* 
tainin^ an overabundance of nne soil particles are benefited by treat- 
ing with coarse, organic matter. Muck at the rate of 10 tons per 
acre is giving excellent results on a sandy soil where the particles are 
too fine for perfect aeration. Muck is, of course, not always avail- 
able, but several kinds of plants can be plowed under instead. Oo-^ 
talaria juncea is suitable for growing on sandy soils, and C. striaia, 
Tephrosiacaniida^ and pigeon peas (Cajanus indica) also give good 
results. Even Urena lobaia, which grows wild on most sandy soils, 
may be used to good advantage, provided it makes a close stand. 

Sulphur is the best treatment for unsuitability resulting from a 
high pH value and deflocculation of the colloidal matter. Five hun- 
dred pounds per acre should be sufficient, but a ton or more may 
be needed if the soil has a high lime (calcium carbonate) content. 

To test the soil for carbonates, stir a sample with water and elim- 
inate the lighter particles. Spread the remaining soil on a plate and 
add a few drops of hydrochloric acid. If much effervescence takes 
place the soil should not be used for pineapple growing, and can not 
profitably be made suitable by an application of sulpnur. The col- 
loidal matter in most subsoils is in a state of flocculation, and sub- 
soiling may be beneficial when flocculation of the surface soil is 
needed. The benefit to be derived from subsoiling, however, is 
contingent upon the state of the colloidal matter and the degree of 
acidity of the surface soil and the subsoil. Five per cent of the sub- 
soil may be sufficient to bring to the surface, but the approximate 
quantity necessary can be determined by mixing the surface soil and 
the subsoil in various proportions, stirring the mixtures in water, and 
determining the rate of settling. 

Puddling, due to cultivating when the soil is too wet, may be rem- 
edied by working the area when the moisture content is most favor- 
able for producing crumb structure, followed by planting with cover 
crops. Continuously cropping a soil with pineapple plants may re- 
sult in an unsuitable soil. The local practice is to harvest two crops 
from the field before replanting. A soil having good crumb struc- 
ture and a fairly high content of organic matter may be successively 
replanted three or four times, but better results wiU be had if the 
pineapple crop is rotated with sugar cane or with some cover crop. 

SULPHUR 

During the last three years sulphur has been used in varying quan- 
tities on soils ranging from light sand to heavy clay. Results of an 
experiment, started in 1922 to determine the degree of soil acidity 
produced by sulphur and the effect on the pineapple plant, showed 
that applications of 1,000 to 2,000 pounds per acre changed the pH 
value from 6 or 6.2 to 3.6 in 2 months, and at the end of 4 months 
to 3. After 6 months the reaction gradually changed and at the 
end of 12 months it was again between 6 and 6.2. A comparison 
of the treated and check plats i^owed that sulphur was beneficial to 
the pineapple plant. Weed growth was very much depressed by sul- 
32604—27 2 
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phur, the plat receiving treatment at the rate of 2,000 pounds per 
acre raoducmg none. Mole crickets were tiot to be found as long as 
the pH value was between 3 and 4, although crickets and weeds were 
abundant in the check plats. The pH value changed to 2.8 in plats 
receiving sulphur at the rate of more than 2,000 pounds per acre, 
and to 2 at tne end of 2 months in one plat of poor sandy soil receiv- 
ing sulphur at the rate of 5,000 pounds per acre. The reaction 
in all cases returned to 6 to 6.2 before the end of 12 months. Appli- 
cations of sulphur above 2,000 pounds per acre depressed the growth of 
pineapple plants according to the character of tne soil. In one plat 
where the soil was a heavy loam containing much organic matter sul- 
phur applied at the rate of 6,000 poimds per acre did no more damage 
to the crop than was done on another plat of sandy soil treated at 
the rate of 4,000 pounds per acre. 

The effect of sulphur on soil nematodes was determined by growing 
potted dahlias in heavily infested soil instead of the pineapple plant 
which is not a good inaicator, although it mav be damaged by the 
pest. The results showed that dahlias can be grown on heavily 
mfested soil so long as the pH value remains well below 5. This would 
seem to indicate that pineapples growing on nematode-infested soil 
might be benefited by sulpnur applied at the rate of 1,000 pounds 
per acre. 

FBRTILIZINQ 

The problems connected with pineapple fertilizing are many and 
complicated. Questions dealing with forms and combinations of 
nitrogen, potassium, and phosphorus best suited to the growing crop 
and proper time and rate of application have been partly answered. 
Ammonium sulphate has proved to be a suitable form of nitrogen on all 
soils under all conditions. Organic forms may be used when the soil 
is fairly acid and the colloidal matter is flocculated. With defloccu- 
lation of the colloidal matter and a pH value above 6, organic ammo- 
niates, such as cottonseed meal^ dried blood, and tankage, are not 
suitable, at least not until the adverse conditions have been remedied. 

Sodiiun nitrate and calcium nitrate may be used on fairly acid soils 
containing large quantities of organic matter; otherwise, nitrates 
should not be used. In some of the latest but uncompleted experiments 
potassium nitrate has proved to be unsuitable for plant growth, even 
on acid soils having a high humus content. Phosphorus in the forms 
of ground steamed bonemeal, and acid phosphate has not given def- 
inite results when applied to growing plants. 

Results of tests with soil samples from many fields on which pine- 
apples are Rowing showed that nitrogen and potash were needed in 
large quantities. The actual quantities required at any time in any 
soil are, of course, not readily determinable by chemical analysis. 
Plats failing to yield 50 milligrams of water-soluble nitrogen per kil- 
o^am of soil responded to an application of nitrogenous fertilizer. 
Likewise, plants failed to attain maximum growth on plats the potas- 
sium content of which was not upwards oi 100 milligrams per kilo- 
gram of soil. A 1 per cent citric-acid solution was used for extraction. 
A method for determining the weight of the soil, using these figures, 
was worked out. To learn whether thie use of large quantities of fer- 
tilizer would pay, mtrogen and potassium each in quantities of 30 to 
40 milligrams per kilogram of soil were applied to one group of plats; 
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the quantities were doubled on a second group and tripled on a third. 
Results as measured by plant growth were very much in favor of the 
heaviest application. 

In another experiment a plat was fertilized every 12 weeks with a 
mixtiu^ carrying 100 milligrams of nitrogen and 150 milligrams of 
potassium per kilogram of soil. A second plat was fertilised every 
6 weeks with the same mixture, usinp; half the quantities applied in 
the first instance. Results were agam in favor of the heavier appli- 
cation at longer intervals. The results correspond with those of 
pot experiments and show that the pmeapple plant does not attain 
maximum growth unless it is ctowu on a soil which is high in nitrogen 
and potash. However, considerable loss may result from an effort to 
keep the elements high, as is illustrated, for example, in the last- 
mentioned experiment, in which one application was made in the 
rainy season and was followed bv more than 3 inches of rain dur- 
ing the next 24 hours. The soil was sandy and leached out very 
heavily, results of tests made 24 hours later showing that only 27 
milli^ams of nitrogen and 38 milligrams of potassium per kilogram 
of soil remained. Under similar circumstances the applications evi- 
dently should be smaller and more frequent. The results show 
the advisability of making soil tests to learn whether leaching has 
occurred, in which case another application should be made imme- 
diately to prevent the plants from starving. 

REPORT OF THE HORTICULTURIST 

By T. B. McClelland 

EFFECT OF VARIATION IN DAY LENGTH ON GBOWTH OF CBBTAIN PLANTS 

Studies of photoperiodism were confined to crop plants of local 
economic importance. Plantings of beans (three varieties) and sweet 
potatoes (two varieties) were made at four-week intervals. One 
group is kept under normal light conditions; in the second the illu- 
mination is supplemented by electric light throughout the year so as 
tp approximate the length of day for June in this latitude; and for 
the tnird group the light exposure is kept at the December day 
lengths. Most of the plants are left in the group in which they 
started, but some are shifted from one group to another. As was 
the case in previous tests, both erowth and blossoining of some spe- 
cies are aflFected to a pronounced degree by the limitea range in aay 
length for this latitude. Other species, however, are affected to a 
lesser d^ee. Many experiments will have to be made with the 
latter before definite conclusions can be drawn. Measurements of 
growth, date of blossoming, and date and weight of crop are being 
recorded for the plants under test. 

COFFEE 

Fertilizer experiments with coffee continue to show that produc- 
tion is strongly influenced by the kind of fertilizer appliea. In a 
long-term cooperative experiment comparing both complete fertiliz- 
ers and nitrogen alone the former showed pronounced superiority 
over the latter in regard both to the crop harvested within the year 
and that on the trees at present. 
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Records have been compiled showing the yields for eight years of 
another group of coffee trees grown on 40 plats, including checks, 
those receiving 1 element only and those treated with 2 or 3 elements 
in combination. Production per tree for the latest crop averaged 
1^ pounds of dried coffee beans after the removal of the parchment. 
The record of production for this crop shows that potash, particularly 
when used in addition to nitrogen, was effective in increasing yieKl. 
In this crop 1 1 plats yielded better than the best check. These agree 
in one particular only. All received potash, 4 received nitrogen only 
in addition to potash, 1 received phosphoric acid in addition to potash, 
and 3 received both nitrogen and phosphoric acid in addition to potash. 
In the harvests for each of the eight years the group of plats receiving 
complete fertilizer and the group from which phosphoric acid had been 
omitted outyielded the unfertilized plats. The group receiving the 
potash alone outyielded the check for seven of the eight years. Nitro- 
gen in heavy applications without potash very adversely affected fruit- 
mg, whereas the same quantity used in conjunction with potash proved 
beneficial rather than mjurious. The appearance of the trees as well 
as their production was affected by the treatments, the plat receiving 
nitrogen alone in heavy applications producing only sparse foliage and 
poor growth in contrast with the luxuriant foliage and growth made 
by .the plats receiving nitrogen and potash in combination. The 
highest yield for the eight-year period was made by the plat receiving 
nitrogen and potash at the heaviest rate, but no phosphoric acid. 
The last two yields from the plat were very high, averaging 2 pounds 
15 ounces and 2 pounds 13 ounces, respectively, per tree per annum 
of dried coffee beans with the parchment removed. 

In 1923 three series of forty 5-gallon containers were each filled 
with heavy clay, river loam, and beach sand to compare the effects 
of ammonium sulphate and sodium nitrate. Two seedlings were set 
in a container. Each soil group of 40 cans comprised 10 receiving 8 
grams of ammonium sulphate semiannually; 20 receiving the same 
quantity of nitrogen in the form of sodium nitrate (10 in semiannual 
applications of 10 grams and 10 in monthly applications of 1.7 grams) ; 
and the remainiing 10 cans, which received no nitrogen. Half the 
cans in each division, except that receiving ammonium sulphate, were 
given, in the form of flowers of sulphur, semiannual applications of 
sulphur equal to that carried in 8 grams of ammonium sulphate. The 
test was terminated 18 months after making the first application. 
Nitrogen was insufficient to sustain the coffee trees in beach sand. 
The seedlings growing in the river loam became heavily infected with 
disease, whereas those in the heavy clay soil grew vigorously. 

Of the trees grown in clay, the group receiving sodium nitrate, 
monthly and sulphur in addition ranked nrst in number of leaves and 
in weight of both leaves and woody growth. In height there was 
little aifference between this group and the two groups receiving 
amnionium sulphate and sodium nitrate, respectively, in semiannual 
applications plus sulphur. Considering the growth as a whole, it was 
found that these two latter groups tied for second place. The group 
receiving monthly applications of sodium nitrate but no sulphur fell 
below these threQ leaaing groups in weight of both leaves and woody 
growth and in height, but in every particidar it surpassed the group 
receiving in all an equal quantity of sodium nitrate given in semi- 
annual rather than in monthly applications. The two groups given 
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DO nitrogen ranked below all others in eveiy particularr the differ- 
ences in number of leaves and weight of fouage and woodv growth 
being pronounced. The group receiving sulphur alone f ailea to equal 
the checl^, though this fact is presumably without significance. 

Data pertaining to coffee fertilization were submitted for publica- 
tion dunng the year. ^ 

COCONUTS 

Data on coconut production from various experimental plats 
would seem to indicate that considerable additional work must be 
done before definite conclusions can be drawn regarding the effect of 
different fertilizers on the crop. The wide variation in yield of indi- 
vidual trees receiving identical treatment and grown under appar- 
ently very uniform conditions makes plat yields less significant. In 
one plantation where 100 trees are under observation generous semi- 
annual applications of fertilizer, continued through three years, fail 
to show definite effects. 

BOOT CROPS 

SWBBT POTATOES 

Numerous sweet-potato seedlings were tested, but, failing to eaual 
in merit the named varieties already grown, had to be discaraed. 
Field plantings for comparative purposes were attacked by slugs and 
r(*ndered worthless. 

TAUTIA, DABHSBN, AND TARO 

During the last two years yautias, dasheens, and taros have been 
under test to ascertain the effect on them of storing at normal tem- 
perature. The large conns of the Penang taro do not keep more than 
a few days after digging, whereas 2 to 4 ounce cormels will keep 
longer, approximately half of those stored being still firm and in ^ood 
condition at the end of 16 weeks. Of these, half remained firm from 
8 to 10 weeks longer. The dasheens showed rot amounting to 10 per 
cent in 8 to 16 weeks, varying with the variety, and 50 per cent in 
18 to 22 weeks. The yautias showed rot amounting to 10 per cent 
in 6 to 18 weeks and 50 per cent in 16 to 28 weeks. Rodents and 
mealybugs both proved to be troublesome during the storage tests. 

CROTALARIA SPP. AS COVER CROPS 

On May 20 plantings of Crotalaria, including C. juncea^ (7. striata, 
C. ttsaramcensiSf C. retziij C. saltiana, and (7. anagyroOes, were made 
for comparative purposes. Heights were measured at approximately 
3, 4, 5, and 6 months, and the weights of the green growtn estimated 
at 15 and 20 weeks after planting. At three months, C. juncea, meas* 
ured 110 inches, which was then two to three times the height of the 
other species. In ultimate height, C. juncea held first place, measuring 
1 15 inches, with Cstriata second, 110 inches, and C, usaramcmsis thiro^ 
90 inches. At 15 weeks C. juncea held first place in weight of green 
growth, yielding 13.2 tons per acre, with C. vsaramcsnais second, pro- 
ducing 9.9 tons. At 20 weeks two species exceeded this production, 
C. usaramcensis weighing 14.9 tons and C. striata 14.2 tons per acre, 
whereas C. juncea, past its prime, with little folii^e remaininjg ano 
blossoming about over, dropped to 12.6 tons. At 6 months C. juncea 

> Porto Rico Sta. Bal. 31, Experiments in Ooflfee FertiHtatJton In Porto Rico, copies ol wtiieii may be 
had by addressing tlie director of tlie station. 
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had matured its seeds and died, whereas C, striata, C. saltiana, and C. 
usaramcmsia were still in full leaf. The latter at 9 months was the best 
in the field, well leafed and still flowering. 0. anagyroides was too 
susceptible to thrip injury to be of promise for local propagation. 

Sbce the Crotalariad are valuable cover crops, furnish mulching 
and temporary shade, and show such a wide range in growth, a knowl- 
edge of their specific differences should be acquired to enable planters 
to determine the species best serving individual needs. 

MISCELLANEOUS FRUITS 

Additional varieties of mango came into bearing during the year. 
Of these, the fruits of Gola and Peter's No. 1 are sweet, but insipid, 
and of inferior quality to many other imported varieties. FaizaD 
has proved to be identical with Sufaida. Enuria is of good quality 
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FiQ. 3.— Mangosteens iSiaftifAa mangMtana) . The fruits vary from a little over 1 to nearly 3 ounces 

in weight 

and resembles Cambodiana in flavor, although it has certain distinctly 
different characteristics. 

A nmnber of exotic fruits came into production, including the 
mangosteen {Garcinia mangostana) , of whicn two trees were imported 
about 1903. (Fig. 3.) These produced a few fruits in 1920 and are 
now bearing fairly well. The fruits have ripened during August and 
September and a^ain during November and December, and vary in 
weight from a litUe more than 1 to nearly 5 ounces, with an average 
of 3H ounces. The flavor resembles that of the grape and is refresh- 
ing and pleasine, although without decided character. 

Euphoria didypia (mphelium glahrum. S. P. I. No. 21245), a 
relative of the litchi, and mtroduced into Porto Rico by the station iii 
1908, fruited heavily during the sunmier. The fruit is small, deli- 
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cious, very sweet, and suggestive of maple sirup in flavor. The tree 
is frequently visited by bees and may prove to be a valuable source 
for honey production. Extensive distributions will be made of the 
variety. 

The Florida Marvel blackberry has grown vigorously, but fruited 
very sparingly. 

A mabolo tree (Diaspyros discolor) is producing seedless fruit of 
good quality. 

The Guinea oil palm {Elaeia guineensis^ S. P. I. No. 36973), inturo* 
duced by the station in 1916, fruited for the first time in tiie spring 
of 1925. (Fig. 4). 




Fio. 4.— Oainea oil pabn {Slaeit gtUneemit) in fruit 

REPORT OF THE PLANT BREEDER 

By R. L. Davis, and Josi A. SaldaI^a, AMistarU 

FIELD COEN 

Seedling characters of field com were again studied, and high-yield- 
ing strains were isolated for use in developing selfed lines and contin- 
uing those already developed. 

The serious effect of xlrought on seedlings was demonstrated in an 
August, 1924, harvest of 70 ear-to-row selections. Forty-four ear rows 
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that were severely wilted by drought when 1 \ days old produced an 
average of only 17.7 bushels of shdled com per acre, as compared 
with 11 mediumly damaged rows which produced an average of 38.5 
bushels, and 15 resistant rows, which yielded an average of 43.6 
bushels. 

A study for elimination purposes was made to determine the relation 
of leaf color of com seedlings to their abiUty to resist drought. Seed- 
lings from 116 ears of com in germination flats when 8 days old were 
gr^ed in leaf color according to Ridgeway's color standards. Only 
13 of the seedlings proved to be drought resistant, enduring water 
starvation for two to three days longer than the others. Over ono- 
fourth of the cultures having parrot-green leaves were resistant: in 
fact, 9 of the 13 resistant cultures had parrot-green leaves. Only 4 
of 57 cultures having calliste or calliste-to-parrot-gr^n leaves were 
re^tant, and 2 of thede may be ruled out because of their relatively 
small leaf area. . None of the dark or grass-to-cossack-green cultures 
were resistant. These data indicate that com seedlings with medium 
green leaves are more resistant to drought than are those having light 
or dark-green y^ves. 

In an effort to obtain high-yielding strains, ears were collected 
from Lajas, Peftuelas, Jayuya, Lares, Barranquitas, Toa Alta, Coamo, 
Aibonito, Cidra, Morovis, and San Germ&n. At present the corn 
from Pefluelas and Barranquitas seems to contain the breedii^ mate- 
rial giving the most promise. The Barranquitas corn is of interest 
because approximately 40 per cent of the plants bear two ears, whereas 
ordinarily, less than five per cent of the corn grown in Porto Rico 
develops more than one ear. The Pefiuelas com contains high- 
yielding elements. 

In the yields for the fall crop of 1924 seed of 21 ears from Pefiuelas 
averaged 25.7 bushels per acre; 11 from Lares, 21.3 bushels; 19 from 
Jayuya, 19.7 bushels; and 22 from Lajas, 18.4 bushels. Half of the 
ear rows from Pefluelas com ran between 25 and 35 bushels per acre, 
whereas only one-sixth to one-tenth of those from the other three 
districts came within this range. Second season tests were made in 
1925 with ear remnants from the h^hest yielding ears from each 
district. Castillear-1, the highest yielding ear in the fall of 1924, 
came from Pefiuelas. If an average of the two crops is considered, 
Castillear-l is found to have produced 49.1 bushels, and A. C.-19, 
the best yielder from Lajas, 32 bushels, and R. P.-l, the best yielder 
from Lares, only 26.1 bushels. A two-year record is not available on 
Vincens Flint-2, the highest yielder from Jayuya in 1924, but an in- 
direct comparison may be obtained from the yields of selfed lines in 
1925. Five selfed lines from Castillear-1 yielded on the average 42 
per cent more than 14 selfed lines from Vincens Flint-2 Further- 
more, the highest yielding selfed Kne of the 39 tested was Castil- 
lear-1-3, a selection made from Castillear-1. Thus, in Maya^uez, 
com from Pefiuelas not only has given the highest average yield but 
also has furnished the highest yielding individual ear, which, in turn, 
has produced the highest yielding selfed Unes. 

SWBBT COBN 

S.weet-corn hybrids were produced by crossing the most vigorous 
pairs of strains in the 1924 crop, and a rigid eliininalion tvad con- 
aticted by growing native field corn in th^ same hills with swbet com 
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and disoarding all sweet cora of iaferior growth. Of the 1024 selec- 
tions made to obtain husk protection, strain No. 24-2-5 was a marked 
improvement over others and was only slightly damaged bv earworms. 
The selections developed from sweet-corn kernels found on ears of 
native field corn proved to be superior to selections from hjrbrids 
resulting from crosses between native field com and sweet corn intro- 
duced from the North. Selfed lines have been started from several 
of the more promising strains of pure native extraction. 

SUGAR CANE 

BRSBDING 

Field and chemical data were obtained in March, 1925, on the best 
400 of 2,100 seedlings which had been set in the field in April, 1024, 
and many seedlings having no potential value for commercial pur- 
poses were analyzed to determme their relative value for breeding 
work. Seedlings containing 16.75 per cent of sucrose or over num- 
bered 27 of 283 of the D-109 variety, 3 of 31 of the G. C.~1486 
variety, and 7 of 22 of the S. C. 12/4 variety. These figures would 
seem to indicate that the chances of finding hi^h sucrose seedlings 
are two-thirds greater in the S. C. 12/4 variety than in the other two 
kinds. Only the larger seedlings were tested but they represented 
a random sampling of each varietv so far as sucrose was concerned. 

Judging by the results obtained with the 1924 crop of cane seed- 
lings, poor varieties may produce good seedlings, and vice versa. 
The varietv E. K.-28, which is considered good, gave the poorest 
seedlings of any tested, all being small and sickly. Rayada, a medi- 
ocre variety, produced very poor, slow-growing seedlings, and S. C. 
12/4, one of the best varieties grown in Porto Rico, bore seedlings 
showing inferiority to the parents in size. The seedlings of E. K.-28, 
Rayada, and S. C. 12/4 were grown in 10-inch clay pots and given 
better treatment than the D-109 seedlings, which were grown in 
flats. The latter, however, made the best growth. G. C.-1486, 
which is a mediocre variety and not so extensively propagated as 
D-109, produced very goocl seedlings, some of which excelled the 
parent. Only one, however, seedling MPR-60 (nursery No. 4 G.C. 
1486~li, was selected for further testing. 

The original stool of seedling MPR~50 in 1924 yielded 84 pounds 
of cane, more than did all the other varieties, except Cristallina, 
which gave 90 pounds per stool. The yield of sucrose was 15.95 per 
cent, and of purity 88.3 per cent. Assuming a 100 per cent stana 5 
by 3 feet to have been obtained, the variety yieldea at the rate of 
121.41 tons of cane and 12.274 tons of sugar per acre. The variety 
seems to have early maturing qualities, since it yielded heavily at 16 
months after seeding, or 10}^ months after transplanting to the field. 
In a field having poor drainage the variety made a second-jear growth 
surpassing that of the varieties D-117, S. C. 12/4, and Bt-109. 

The variety makes strong, erect growth, germinates well, and stools 
heavily, the original stool bearing 24 canes and 9 suckers. The stems are 
zigzag and tumid, about 4 centimeters in diameter, and of yellowish 
^reen color flushed with red. A conspicuous ring of rather short, 
brownish cracks lies immediately below the glaucous band and some* 
times invades the area. The bud is round, exceeding the growth ring 

32504—27 3 
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by 3 millimeters, with blunt and ciliated apex, narrow margin, sub- 
dorsal germination, and fine, smooth hairs on the shoulders and on 
the margin below the apex. The growth ring is narrow, undefined, 
even, and concolorous with the intemode. The root band is 4 to 6 
millimeters in breadth, concolorous with the intemode, and bears 3 or 
4 conspicuous rows of rudimentary roots. The leaf scar is glabrous, 
the glaucous band constricted and wax heavy, and the leaves are 
green and spreading. 

TESTS OF INTRODUCED VARIETIES 

P. O. J. 2725, a variety supposed to have come from Java and 
recently introduced from Tucumin, Argentina, continues to give 
promising results. This variety has been widelv distributed in small 
quantities amon^ local planters and adapts itself to a wide range of 
conditions, thriving best where the rainfall is abundant, and also doing 
very well on poorly drained soils. P. O. J. 2725 will probably sup- 
plant varieties more susceptible to mosaic, and also the Uba cane, 
which is imstable in yield of sucrose and purity. Only one-tenth of 
1 per cent of the crop of P. O. J. 2725 has been aflfected by mosaic 
disease in Mavaguez, and about 1 or 2 per cent in Tucumin. Planted 
at the rate of one 3-eyed piece each m holes 5 by 5 feet on a 1/40- 
acre plat at Maya^uez, P. O. J. 2725 at 13J^ months yielded at the 
rate of 49.7 tons of cane per acre. The crop was not aflFected when 
grown on a soil that was under water for three diflFerent periods of 
several days each. Grown on a 1/20-acre plat, P. O. J. 2725 at 18 
months yielded at the rate of 77.4 tons of cane per acre. In a mill 
test at Central Coloso 2J^ tons of this cane yielded 15.83 per cent 
sucrose and a purity of 84.7 per cent. A ton of the cane at 12)4 
months analyzed 15.25 per cent sucrose and a purity of 82.9 per cent. 

Judging by the results obtained in Tucumin, where yields approxi- 
mate 4 tons of sugar per acre during the relatively short growing 
season, P. O. J. 2725 should yield 6 to 8 tons per acre in Porto 
Rico, where the growing season is longer. The variety seems to be 
very early, arrowing the first part of November. It arrows profusely, 
beginning at the age of 5 months when planted in June. The vari- 
ety should not be planted in April, May, or June, if best results are 
to be expected, because early arrowing tends to reduce yields. As 
an extra early crop it should be planted during the first three months 
of the year. The canes are soft and readily attacked by the stalk 
borer. 

A number of other varieties introduced from the Far East by the 
station include P. O. J. 2727, P. O. J. 2714, Toledo, 36-M (sport of 
P. O. J. 36), Tekcha, Tjep. 24, and P. O. J. 2725, the last two of 
which were also introducea earlier from Tucumdn. The most prom- 
ising after the P. O. J. 2725 is variety P. O. J. 2714, which is a thick 
cane and makes vigorous and rapid growth. However, 20 per cent of 
the crop proved to be susceptible to naosaic disease at Mayaguez. 
The variety Toledo, a thin cane resembling the P. O. J. 312, is a pro- 
lific stooler and so far has been free from mosaic disease. It is not 
so vigorous as the variety BH--10/12. Cane P. O. J. 2727 made prom- 
ising growth. Cane 36~M is very similar to cane P. O. J. 36, from 
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which it was developed, and 20 per dent of the crop was found to be 
infected with mosaic disease. The variety Tjep. 24 made rather 
vigorous growth while youne, but slowed down later, whereas nearly 
all the other varieties rapidly increased in growth. This was true 
especially of cane P. O. J. 2725, which about doubled its first growth. 
Cane Tjep. 24 has so far been free from mosaic disease. Cane Tek- 
cha resembles canes of the Japanese type, makes vigorous growUi, 
and seems to be free from mosaic disease. 

The following list gives the analysis (percentage) of sin^e stools of 
the diflferent varieties: P. O. J. 2725, 18.89 sucrose and 86.94 purity; 
P. O. J. 2714, 17.82 sucrose and 81.44 purity; P. 0. J. 2727, 14.35 
sucrose and 70.41 purity; Tjep. 24, 15.94 sucrose and 81.87 purity; 
Toledo, 9.1 sucrose and 50 purity; and Tekcha, 12.8 sucrose and 73.73 
purity. 

SPACINQ SXPEBIMBNT 

To determine the optimum planting distance for maximum yield 
of cane and sugar with thin-stemmed prolific varieties, seed pieces of 
the varieties Java Unknown and Uba were planted 2 to 6 feet apart 
in rows 6 feet apart. In another series seed pieces of Java Unknown 
were planted 2 to 5 feet apart in rows 5 feet apart. Sufficient land 
was not available for planting the Uba variety in a 5-foot series. 
Plantings were made in duplicate with three rows per plat, and data 
were collected only on the middle row, or approximately on each 
l/lOO-acre plat. Drought reduced the stands and necessitated making 
corrections on yield data for each plat. Table 2 gives the results of 
planting at the different distances. 

Table 2. — AncUyaia and calculated yield of Java Unknown and Uba cane planted 

at different distances 



Name of cane 



Java Unknown 

Do.- 

Do.. 

Do -- 

Do.- 

Do 

Do.- 

Do 

Do 

I'ba 

Do.. -. 

Do 

Do.- 

Do.. 



Plant- 
ing 
distance 

Feet. 


Brix 
reading 


Sucrose 
content 


Purity 


Yield of 

cane per 

acre 

Tom 


Degreet 


Percent 


Percent 


6by2 


19.43 


iai8 


82.70 


64.000 


6 by 3 


10.46 


18.37 


83.47 


29.440 


5by4 


1«.7» 


18.19 


81.89 


83.860 


6 by 5 


10.67 


1&12 


82.38 


8a 760 


6 by 2 


10.90 


18.78 


84.15 


48.886 


6by3 


18.27 


13.29 


72.80 


84.644 


6 by 4 


2a 28 


ia53 


81.87 


29.260 


Obyft 


2a 21 


18.97 


88.97 


89.747 


«by« 


10.94 


18.25 


8L4S 


87.038 


6by2 


19.99 


17.13 


86.85 


61.210 


6byS 


20.15 


18.75 


88.11 


46.980 


6 by 4 


2a 22 


18.88 


sail 


8a 068 


6by6 


20.14 


15.85 


78.87 


28.789 


Obye 


1&92 


14.84 


7a 87 


18.662 



Yield of 

sugar per 

acre 



Tom 
a744 
4.988 
5.814 
5.127 
7.272 
4.224 
8.318 
5.188 
5.712 
a984 
7.888 
4.887 
4.249 
2.428 



The sugar yield for both varieties was highest from the closest spac- 
ings, either 6 by 2 or 5 by 2 feet, and, although the sucrose percentages 
showed no marked differences for the different plats, the purity con- 
tent tended to lessen with the wider spacing. 



CULTURAL BXPBRIMBNTS 



Notwithstanding the many methods followed for propagating the 
cane seedling, the data available comparing their relative values are 
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few. To obtain further information on these values, data were re- 
corded on the vitality of seed, mortality, and growth of a number of 
seedlings which were grown at Maj^aguez in the open with and with- 
out protection from the sun and wind. The experiment was divided 
into four parts: (1) Collection, storage, and seeding of arrows; (2) 
care of germination flats, sunlight exposure, and irrigation; (3) soil 
mixture, depth, and texture; and (4) optimum age for transplanting 
from the flats. 

Serious loss in vitality of seed took place within three days after 
collection when fluctuation in moisture content was not prevented. 
The seed should, therefore, be planted as soon as possible after col- 
lection. S. C. 12/4 arrows collected during the last week of December 
gave a higher germination than did those collected about the middle 
of January. In a test made to learn the effect of germination of 
sowing wet arrows in layers varying in thickness from 4.4 to 11. () 
millimeters the minimum depth produced the largest number of seed- 
lings per arrow, whereas any marked increase in depth prevented 
germination of seeds lying at the bottom of the laver. Complete 
exposure to sunlight resulted in a healthy growth in all stages. Shad- 
ing during the mornings of the first two weeks after transplanting 
not only stunted growth but also increased mortality. Seeolings of 
the variety D-109 increased in growth when they were transplanted 
at 2 weeks of age and immediately treated with Bayer dust. Deep 
germination flats gave better results than shallow flats. The month- 
old root systems of S. C. 12/4 grown in 6-inch flats, were about half as 
large again as root systems of the same age which were grown in 3-inch 
flate. Flats in the bottom of which unsifted coarse soil was placed 
showed a decrease in mortality over flats in which the soil was sifted 
throughout. 

Tests were niade in both germination flats and flats for transplant- 
ing to determine the comparative effect on cane of clay, powdered 
charcoal, manure, coconut fiber, and sandy river loam in varying 
quantities. Clay proved to be undesirable at all times, stunting the 
crop and increasmg mortality. The germination flats made an 
increased stand when the top inch layer of soil was treated with 
powdered charcoal (one-third part) , whereas the flats for transplant- 
mg when similarly treated showed increased mortality. Coconut 
fiber can not be recommended for use because it retains moisture and 
proves to be objectionable when the flats are exposed to rain. Well- 
rotted cow manure mixed to the extent of 50 per cent with sandy river 
loam, gave satisfactory results in both the germination flats and the 
flats for transplanting. 

Transplanted seednngs grown on a mixture of equal parts of ma- 
nure and sandy river loam showed a lower mortality than did those 
on 1 to 2 parts of the same mixture. Fully 30 to 65 per cent of the 
seedlings transplanted when less than 1 month old died. Seedlings 
should be transplanted between 60 and 70 days old to lessen the 
chances for deatn and facilitate ease in handling. At this age they 
will be 3 to 5 inches high, and the developing suckers can be used as 
a basis for roguing. Some of the B-3412 variety of seedlings, which 
were kept in germmation flats 6 inches deep until 4 months old, made 
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such vigorous growth as to indicate the advisability of sowing deeply 
and controlling the rate of seeding to avoid the work of transplanting 
to pots. 

ELIMINATING UNDBSIRABLB 8XBDLINQ8 

To determine what differences justifying early elimination occur 
in the growth of canes of varying ajB^s, measurements and observations 
were made on cane seedlings at 2}4i 3Hi ^^^ ^\i to 7 months. Rather 
contrasting differences take place in cane seedlings of different varieties 
less than a month old. At 14 days two typical S. C. 12/4 seedlings 
were twice the sise of two D-117 seedlings. (Fig. 5.) Contrasting 
differences in germina- 
tion vigor also occur in 
S. C.12/4 and P. O. J.- 
2725 seedlines. At 2 to 
3 H months old, seedlings 
may show a number of 
differences, many of 
which persist to matur- 
ity. Characteristic 
seedlings of FC-306 at 2 
months are large and 
many-suckered, with re- 
curved leaves; whereas^ 
S.C. 12/4seedlingsof the 
same age are medium to 
large, and few-suckered, 
wim saberUke leaves; 
and B-6308 seedlings are 
small, stocky, and many- 
suckered, with recurved 
leaves. 

With the exception 
of seedlings that germi- 
nate slowly and those p,Q ^ _^^ ^^^ ^^^ differences are observable in cane seedlings of 
havms: abnormal leaf col- different varieties. The two D-117 seedlings on the toft are less 
r^..;•^r* ^K^^i^ o*;^^ «U^„1^ than half the size of those of St. Croix 12/4 on the right. (Drawn 
Ormg, elimination SnOUla one week from date of seeding.) 

be postponed until suck- 

ering begins, or the plants are 2J^ months old. Rarely more 
than 10 per cent of the seedlings sucker before they are 2 months 
old. Leaf width, leaf shape, and position of suckers are relatively 
unimportant characters for elimination purposes because the differ- 
ences are not sufficiently contrasting except in hybrid progenies of 
known parentage. 

In the elimination work tests were made determining the relation 
of the early-suckermg habit to the size of the stool nearing maturity. 
Notes were taken on approximately 1,000 seedlings of the varieties 
S. C. 12/4, FC-306, B-6308, D-433, and D-117. Tflie many-suckered 
varieties at 2^^ months had 10 times as many potentiaUy desirable 
seedlings approaching maturity as were to be found among the few- 
sucker^ varieties of the same age. The superiority of the many- 
suckered seedlings, selected at 2 ^months, is marked at 6^ months. 
(Fig. 6.) The number of potentially desirable seedlings at 6H or 7 
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months may be doubled or trebled bv increasing the number of seed- 
lings to be germinated and by transplanting only those having many 
sudcers at 2^ months. The practice of eliminating few-suckered 
seedlings at 2^ to 3^ months is desirable. 




Fio. 6.-'The superiority of many-suckered cane seedling? at 2}4 months is marked at 6H months. 
The row on the left consisting of seedlings of B-6308 selected for three or more suckers at 2H 
months has made double the growth of the row on the right, consisting of seedlings with two or 
less suckers at 2^ months 

REPORT OP THE PARASITOLOGIST 

By G. DiKMANs 

The work in parasitology was begun in 1924. The leading projects 
under investigation include: (1) A general survey of animal parasites 
affecting domestic animals in Porto Rico; (2) a study of the life his- 
tory of Necator suiUvs and its possible relation to the problem of 
human anj^lostomiasis in Porto Kico; (3) paradichlorobenzene as an 
anthelmintic; and (4) hookworm development in the latrine and the 
pollution of the surrounding area. 

The small intestines of 60 pigs that had been slaughtered at a local 
abattoir werel)rought to the laboratory for examination. Of these, 
24, or 40 per cent, were found to harbor a nematode provisionally 
determined as Orassisoma urosuhudaium Aless 1909. Further detailed 
study of the nematode is necessary to make the determination abso- 
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lute. The number of nematodes found per pig ranged from 1 to 
800-1,000. Forty per cent of the animals were infested with the 
thorny headed hog worm (Mdcraeanthorynchua hirudituu^us). The 
common roundworm {Ascaris lunibricoides) was found in one animal. 
Nine of 18 pig stomachs examined contained nematodes. Five had 
a double infestation of Hyostrongylus rubidus and Arduenna stronfy- 
Una. Two contained H, rubidus alone, and two others A, strongylina 
alone. The few lunes examined showed a high rate of infestation 
with lungworms, and a few of the large intestines the presence of 
Oesojpltagostomum dentaium. The feces of one of the animals was 
heavily infested with BdUmtidium colif and several showed cysts of 
amcBbffi. 

No cattle were systematicall^ir examined, but casual observation in 
the slaughterhouse showed a high percentage of infestation with the 
liver fluke {Fasciola hepaiica) . Lun^ abscesses due to this parasite 
were found. Post-mortem examination of a calf showed the presence 
of ticks in large numbers and all stages of growth, Snygamus laryngeua 
in the larynx and upper part of the trachea, li^e numbers of lung- 
worms, approximately 4,000 stomach worms {Usemanchua eoniortua) 
in the abomasum, cattle hookworms {Bunostamum phlebotomum) . BXid 
numbers of Cooperia in the small intestine, whipworms {Trichuris 
ovis), and nodular worms (fEsophagostomum radiaium) in the large 
intestine and caecum, and liver flukes {Fasciola hepatiea) in the liver. 

The large intestine of one of the station heifers contained some 
(EsophaTOstoma and an undetermined species of the eenus Capillaria. 
All the dogs coming under observation were infested with hookworm 
{Ankylostomum caninum) . A number of the dogs harbored also round- 
worms, tapeworms, and coccidia. A cat was found to harbor a female 
hookworm {A. caninum). Chickens, turkeys, and one guinea hen 
harbored nematodes, cestodes, and trematodes. Unidentified ticks 
were collected from cattle, horses, and dogs and goats. Specimens of 
the horn fly (Hxmaiohia irritans) were collected from animals in the 
dry section of the island. The fly was not found on the station ani- 
mals, but some observations concerning the extent of its range and 
possible remedial measures mav be desirable. Larvse of the ox warble 
{Hypoderma sp.) were taken from imported cattle. Deer flies were 
seen in negligible numbers. Two imported animals which were infes- 
ted with lice were clipped and sent to the dipping vat. 

Examination of nematodes, taken from pigs at a local abattoir, 
failed to show the presence of Necator suHtus. Comparatively few 
pigs were examined, however, and further observations may reveal its 
presence here or in some other part of the island. Unsuccessful 
attempts were made to infect pigs with the hookworm of man, con- 
firming the results obtained by others making similar tests. Acfeert's 
fmdings regarding the possible dissemination of the human hookworm 
by pigs were confirmed. He showed that eggs pass unharmed through 
the digestive tract of the pig and hatch in the feces. Apparently the 
pig is a factor to be reckoned with, since it may act as an agent in 
spreading hookworm infection, although immune to the disease itself. 

Experiments to determine the efiicacy of paradichlorobenzene as 
an anthelmintic were begim in March, 1924, about four months before 
the other work in parasitology was started. Experimental data are 
being prepared for publication. 
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The fourth project has received the greater part of the parasit- 
ologist's time and attention. For the purpose of the investigation, f on r 
pits 24 by 24 by 30 inches deep have been constructed. It is planned 
to reproduce in these pits as nearly as possible conditions as they 
actually exist in the pit latrine. Material known to contain hook- 
wonn eggs is to be placed in the pits and the material, the walls of 
the pit, and the soil surrounding the pit are to be examined for the pres- 
ence of infective hookworm larvae. The work is progressing slowly 
but satisfactorily and is too new yet to permit drawing conclusions. 

In addition to his regular duties, the parasitologist acted as vet- 
erinarian of the station. The general health of the station animals 
was excellent. The usual cases of lameness in work oxen caused by 
traveling for long distances on hard roads were remedied by bathing 
the affected parts with a mixture of lead acetate and zinc sulphate 
(3 drams eacn) and water (1 pint), and by resting the animals for a 
week or 10 davs. Post-mortem examination of an apparently healthy 
young animal which was found dead revealed an inflamed mucous 
membrane of the digestive tract. No other pathology was noted. 
The animal had had access to a solution containing arsenic, and 
probably died of poisoning. Post-mortem findings of an imported 
Shorthorn bull dymg after a short illness disclosed conditions indic- 
ative of tick fever. The findings, however, could not be confirmed 
by blood examination. Two imported Guernsey bulls are suffering 
from a skin affection. The older of the animals has been at the 
station for several years and has had the disease for at least three 
years, practically the entire body being affected. The younger 
animal arrived at the station a year ago and has had the disease about 
four months, the ears alone being affected. No etiological factor has 
been isolated so far. Skin scrapings were submitted to the veterinary 
laboratory, Army Medical School, Washington, D. C, and to Bailey 
K. Ashford, School of Tropical Medicine, San Juan, P. R. The Army 
Medical School reports entirely negative findings. Doctor Ashford 
reports the finding of a new species of Monilia on the skin scrapings 
sent to him, and has prepared a vaccine of this organism. The 
animal is being treated with the vaccine at present. 

REPORT OF THE PLANT PATHOLOGIST 

By C. M. Tucker 

COCONUT BUD BOT 

Work on coconut bud rot was continued and a manuscript giving 
results of the investigations was submitted for publication. ^ 

The results briefly summed up are as follows: Phytophihora palmi' 
vora (P. foAeri.) is the causal oi^anism of coconut bud rot in Porto 
Rico as it is in Jamaica, the Philippines, and India. The disease is 
transmissible from diseased palms to healthy, uninjured ones. The 
incubation period may vary from 2 to 10 months or longer. Organ- 
isms of the BddUua eoli type are present in decaying buds, but are 
not pathogenic. Inoculations made by wounding the bud are prac- 
tically of no value, because the palms may be killed by decay of the 
most aseptically treated wounds. Conditions favorable to the disease 

•Phytophthora bod rot of oooonat iMdmi in Porto Rico. U. 8. Dept. Agr., Jour. Agr. Rflsearcta, 82 
(1036)» No. 0, pp. 471-4W. 
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include heavy rains and decreased evaporation occuring in sheltered 
locations and poorly drained soils. The earliest visible symptom of 
the disease is the death of the youn^t leaf. (Fig. 7.) The most 
important period of infectiousness uiUows exposure of the young 
dead leaf bearing conidia and chlamydospores. As a control measure 
all infected palms should be destroyed as soon as the disease is 
detected. Tne strain of P. palmivora obtained from coconut bud 
rot, although indistinguishable physiologically and morphologically 
from some cacao-infecting strains, was not found to be pathogenic to 
cacao pods or seed- 
lings. (Fig. 8.) 
Efforts to transmit 
coconut bud rot by 
means of infected 
seeds were not success- 
ful. Inoculations of 
dry, ripe coconuts 
resulted negatively, 
since the water-loving 
Phytophthora was 
unable to estabUsh it- 
self and the half-ripe 
inoculated nuts decay- 
ed and failed to ger- 
minate. These results 
agree with those ob- 
tained when the 
young seedlings are 
free from disease. 

The legislature of 
Porto Rico has en- 
acted a law enabling 
the commissioner of 
agriculture and labor 
to take precautionary 
measures to combat 
plant pests and dis- 
eases. Coconut bud 
rot is the first fungus 
disease to be dealt 
with under the new 

law, and all diseased palms have been ordered destroyed. The plant 
patholo^st is now acting in an advisory capacity in the campaign for 
the eradication of the disease. 




Fto. 7-<;ooonat bad rot prodaoad bv poorinc A water saipenslOD of 
of a pare ooltore of Phftopkikora paimiiora among the un woanded, 
onfoldiof leaves. Photographed 121 days after inooulatfon 



UGHTNING INJURY TO COCONUT PALMS 

Occasionally lightning strikes and kills palms. In one case observed 
1 1 palms occupying a circular area 50 U> 75 yards in diameter were 
kiUed by the same bolt of lightning and leaf midribs were broken 
and leaves kUled on the sides of the palms adjoining the damaged area, 
lightning-struck palms show symptoms which can readily be dis- 
tinguish^ from those caused bv bud rot. Phytophthora bud 
rot destroys the bud and causes the death of the youngest leaves. The 
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older leaves may retain their green color and horizontal position for 
many months. When palms are struck by lightning the petioles 
collapse and the leaves turn brown and han^ pendant from the 
crown. (Fig. 9) . Bud rot is more likelv to kilTpalms scattered over 
a wide area than it is to take all the palms of a restricted area. 

A ROOT DISEASE OF VANILLA 

Investigations to determine the cause and control of vanilla root 
disease have been previously described.* The rather unsatisfactory 
percentages of infection of inoculated plants grown in sterilized fiber 
18 found to have been due to an inhibitory substance, probably tan- 
nin, which was produced during autoclaving of the moist fiber. 
Subsequent inoculations made in soil established the pathogenicity 
of the fungus {Fuaarium sp.) . 




FiQ.S-CMao BtftdHiigB Inooalstod with PhfMUkofu pUmiton strains. (1) Inoculated with P. 
pdlmitxfra from cacao: (2) inoculated with F, palmivwra from coconut. The coconut strains 
showed no evidence of pathogenicity to cacao. Photographed eight days after inoculation 

A study was made comparing the growth of roots in situ in steri- 
lized soil and in inoculated soil. Large plugged glass tubes of inoc- 
ulated soil were used to receive surface sterilized descending aerial 
roots. The tubes when tied to the support on which the vine clings 
permit normal root development. One hundred per cent of the 
roots in the Fusarium-inoculated soil became infected, whereas all 
those in the tubes of sterilized soil remained healthy. 

The fungus is able to grow in a soil when deprived of a living host 
and remain in a virulent condition for at least four years. The 
pathogenicity of the fungus has been shown to be due to the de- 
struction of the cortex by a cytolytic enzyme causing the cell widls 

«Rpts. Porto Rico Sta. 19K3, p. 16; 1994, p. 28. 
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to turn brown and dissolve. The cambium Mid ducts are invaded 
only after destruction of the cortex cells is well advanced, and m no 
case observed were the hypha in the ducts developed sufficienUy 
to prevent the passage of nutrients as occurs in cases of mfection by 




Fio -Coconut palm killed by Ughtnlnf . Oompaw with ^';^ ^^^^l^T^^JliJ^SHi: 
^?n'he^?Si5Sand may Se'aSn a P?rtioo </a jplm )^^ midrib^ 

This type of damage is common on palms adjacent to thoee wiiec oy ufntnmg. *!. uot^c 

accompanies bud rot 

F. vannfectum. Unsuccessful attempts were made to isolate the 
fungus from tissue taken from the margin back of the decayed area 
of (Useased roots, further indicating that the fungus is not avascular 
parasite. F. cubense has been shown to produce a tome product 
causing cut banana plants to wUt when placed m filtrates of culture 
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Bolutions in which the fungus has been O'own. Similar work with 
the vanilla Fusarium fail^ to cause wuting of bean and cotton 
seedlines. 

VaniQa plants were successfully inoculated when the root organism 
was placea in wounds made in the stems. The intemodes rotted, 
resulting in the death of the plant above the point of inoculation, in 
all cases except where new roots formed and came in contact with 
the soil. F. cnbense failed to produce a diseased condition. 

The problem of vanilla root disease is similar in some respects to 
that of banana wilt. Both diseases are caused by a Fusarium which 
is able to persist in infected soils for long periods. Vegetative prop- 
agation is commonly practiced with both host crops, and each shows 
varietal or specific variation in susceptibilitv. The vanillon, an 
inferior tjrpe of vanilla, is highly resistant. The vanilla plant pro- 
duces germinable seeds, and resistant, valuable hybrids may be 
obtaineo by crossing it with the vanillon. Vanilla plantings have 
been reported usually as remaining healthy for three or four years. 
The crop develops best on a substratum of decaying matter and is 
for this reason frequently treated with forest rakings. Decompo- 
sition of the organic matter produces acid conditions which probably 
favor the growth of the Fusarium. Several series of pots are being 
prepared with soil reactions varying from pH 5.4 to pH 9.8 to 
determine their effect on the disease. 

COTTON FUNGUS 

Sea-island cotton is annuaUv attacked by a fundus which spots the 
leaves, bracts, and bolls. The disease commonly occurs at Lajas, 
Isabela, and Quebradillas, the principal cotton-growing sections of the 
island. The leaves show circular, rather conspicuous, dark purple 
spots, which gradually bleach and turn gray in flbe center. Many of 
the centers drop, leaving the leaves with jagged holes. The bracts 
are similarly attacked. The bolls show a small purple spot which 
does not enlarge nor become ashen in the center. The fundus has 
not been observed to penetrate the boU. The causal oi^amsm is a 
Helminthosporium, which has been described as a new species, fi. 
gossypii^ The fungus sporulates frdely on the ashen centers of old 
spots, and has been isolated in pure culture. It grows on a wide 
variety of artificial media, but produces spores most abundantly on 
sugar-containing media. Leaves and bracts bear typical spots 
developing sufficiently for identification in three weeks when inoc- 
ulated by spraying with a water suspension of siK)res and mycelim. 
The spots are well developed in five days. (Fig. 10.) 

Unlike many leaf-spot dis^ftses, the cottbn le^-spot disease is severe 
in dry weather. Examination of & field at Lajas during a drought 
so severe as to cause stunting of the plants showed spotting on nearly 
every leaf and partid defouation of many of the heavily infected 
plants. Much new growth was found in the same field after about 
three weeks of rain, and the yoimg leaves were then practically free 
from infection. Destroying all plants between seasons, as is done to 
combat the pink boUworm, probably would help to decrease the dam- 
age done by //. gossypii. 

• XT. 8. Dept. Agr., Jour. Agr. Resetfcb, 32 (1926), No. 4»pp. 381-^06. 
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STBAINS OF TKOPICAL PHTTOPHTHORA8 

An investigation to facilitate the work of id^tifying Ph^tophthoras 
attacking various tropical plants has been begun, comparing morpho- 
logically and physioiogicau^ 45 strains isolated from cacao, coconut, 
cotton, breadfruit, papaw, citrus, abaca, tomato, eg^Iant, OaarUodenia 
speciosa, Dendrobium maccarthix, Hevea, Erythnna, Borassus, and 
Hibiscus sabdariffa. Cross inoculations also are beine made. The 
results thus far indicate considerable variation in cultural charac- 
toristics on the media, including potato dextrose i^ar, potato agar, 
coconut agar, beef dextrose agar, oatmeal agar, and bean agar, used 
to make compari- 
sons. Morphologi- 
cal variations in the 
size and shape of 
sporangia and size 
of chlamydospores 
seem to be fairly 
constant for various 
strains, but the vari- 
ations are narrow. 
Probably the most 
striking characteris- 
tic is the highly 
specialized patho- 
genicity of the 
strains. In most 
cases a strain will 
cause disease only in 
the host plant from 
which it is isolated. 

Great care is exer- 
cised to prevent the 
escape of imported 
strains. Phytoph- 
thoras of the 
faberi-palmivora 
type have been iso- 
lated from coconut, 
cotton, and tomato 
in Porto Rico, but 
the possibility of 
introducing strains pathogenic to other hosts or more virulent strains 
is always present. Inoculations of fruits and seedlings are always 
made in tne laboratory under cover and all material is destroyed 
later by autoclaving; and the glass slides which are used to examine 
the strains under tne microscope, are immediately washed in a solu- 
tion of mercuric chloride. 

Heterothallism has been demonstrated between some strains by 
other investigators, and the present investigation is intended to test 
the possibility of oogonia formation with alfpossible combinations of 
the 45 strains. Seventeen strains have been grown together to date. In 
each instance where oogonia have been found one of the inoculating 




Fio. 10.— Spots on sea-island cotton leaves and bracts prodaced by 
spray inoculation with HOmifithotporiHm oo$$fpH n. sp. Photo- 
grapned five days after inoculation 
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strains has been isolated from cacao. Two strains from cacao in 
Trinidad and one strain from cacao in Ceylon produce oogonia when 
grown in mixed cultures with some of the other strains. All oogonia 
so far found have been of the P. parasitica type. 

Phytophthora boll rot of cotton was found in Porto Rico for the 
first time during the year. A small station planting bearing bolls 
during the rainy season became infected. The Phytophthora was 
isolated and reproduced the disease when used to inocmate healthy 
bolls. The fundus apparently is of the faberi group, but exhibits 
many dissimilarities to the coconut bud rot strain. Inoculations of 
coconut palms with the cotton strain have not resulted in bud rot, 
but, since the organism in the latter case requires a long incubation 
period, infection may yet appear. The severity of cotton boll rot 
varies directly with moisture conditions, the percentage of infection 
being high during rainy periods and low during dry periods. 

BHIZOCTONIA FBBBUGENA AS A SEEDUNG PABASITE 

Rhiaodoniaferrugena originally was isolated from the roots of sugar 
cane. During the year some pigeon-pea seedlings which were grow- 
ing in pots in the greenhouse were severely attacked by damping-off, 
and examination of the infected parts showed mycelium characteristic 
of Rhizocton' a. Cultures from the tissue produced typical R.Jerrugena 
growth with numerous reddish brown scierotia and masses of brown 
mycelium on the sides of the culture tubes and flasks. To determine 
the host ran^e of the organism, pots of sterilized soil were inoculated 
with suspensions of macerated bean pod cultures and sown with the 
seeds of various plants. A check pot was used in each instance, and 
all the series were duplicated at a later date. On y a r^sum^ of the 
results of the inoculations can be given here. 

The type of injurv varies with different hosts. In some instances 
the seediiilgs are killed before reaching the surface of the soil, and in 
others a typical damping-off is evident during the first two weeks 
growth. Apparently the fungus is unable to enter the tissue once it 
hardens. As a root parasite the fungus is probab y not of great 
importance. Hosts which are very susceptible to attack by R. jer- 
rugenaj as shown by great y decreased germination or by damping-off 
include cabbage, carrot, Swiss chard cotton, sweet pea, onion, mus- 
tard, turnip, cucumber, beet, pigeon pea, chayote, bean, spinach, and 
lettuce. Tomatoes and Crotaiaria juncea are only slightly susceptible, 
and com, sugar cane from cuttings, sweet potatoes, and Bermuda 
grass are not damaged. 

Experiments to determine the effect of var ous percentages of soil 
moisture on infection were conducted with beans, pigeon peas, and 
cotton. Thirtv pots of sterilized soil were used for each host. The 
pots were diviaed into six groups of five pots each, and all the pots 
m the same group were given tne same amount of water daily. One 

Eot in each group was left uninoculated to serve as a check. Twenty- 
ve seeds were planted in each pot. The average soil moisture was 
determined by samples taken twice daily. Table 3 gives the results 
of the test. 
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Tablb 3. — Ejfeet of boU moUiurt wn Rhiaodonia ferriAgena infection 
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1 Data taken 20 days after planting. 
* Data taken 15 pays after planting. 

The percentages in the check column were obtained from only 25 
planted seeds, whereas those in the inoculated column were obtained 
from 100 planted seeds. A comparison of the percentages in the lat- 
ter column is therefore of more value as an index of the effect of varving 
percentages of soil moisture on infection than is a comparison of the 
decreases due to inoculation because of the wide variations in germi- 
nation in the check pots. 

Although the results of the experiment are not considered conclu- 
sive, they indicate that, in the case of the pigeon pea and the cotton, 
infection is more serious on dry than on wet soils, whereas, in the case 
of the bean, the reverse seems to be true. 

ANTHRACNOSE OF PIGEON PEA 

Anthracnoseof the pigeon pea, due to CoUetotrichum cajanif although 
previously reported only from Brazil, and possibly from Barbados, 
has probablv been present in Porto Rico for many years, since speci- 
mens have been received from widely separated points. The disease 
is readily recognized by the appearance on the pods of lesions resem- 
bling those occurring on beans infected with C. lindemtUhianum. 
Since the pod of the pigeon pea is chartaceous rather than succulent, 
the lesions are more like spots than cankers. In damp weather the 
centers become pinkish gray, owing to the formation of masses of 
conidia. The fungus penetrates the pod and enters the seeds, caus- 
ing them to decay or to fail to develop. Very early infection may cause 
the pod to shrivel and fall. (Fig. 11.) ' 

In January, 1925, diseased and healthy pods were picked from 10 
plants in the station groimds. The pods were at the ereen-pea stage, 
at which time they are edible. The peas were shelled and graded as 
marketable or unmarketable — that is, shriveled or discolored bv the 
fungus. Table 4 shows the number and percentages of diseased and 
healthy pods and the number of marketable peas per pod. 
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Table 4. — Marketable seeds in kealthy and diseased pigeon pea pods 
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The 544 diseased pods yielded 1,342 marketable seeds; whereas 
from a like number of healthy pods a yield of 2,118 seeds would be 
expected. The loss attributable to the fungus is 776 seeds, or 36.6 




Fio. 11.— Left, pigeon pea pods spotted and distorted by CoUetotrichum eajorU. Right, healthy pods 



per cent. Some varieties which are thought to be resistant to infection 
are to be tested. Attempts to inoculate varieties of beans, including 
Giant Stnngles3 Greea Pod, Pencil-Pod Black Wax, and Refugee, re- 
sulted negatively. Parallel inoculations of small pigeon peas resulted 
m 100 per cent infection, one or more leaves on each plant showing 
a blackening and shriveling of the veins. All inoculations were made 
by spraying the plants with an atomizer containing a water suspension 
of conidia. 

STEM -CANKER OF PIGEON PEA 

Stem canker of pigeon peas every year kills many plants in Porto 
Rico. The cankers most commonly occur near the ground, but may 
be found on nearly any woody part of the plant. The wood is killeii 
and becomes brown in elongated areas gradually involving the whole 
stem. (Fig. 12.) Fragments of brown mycelium were to be seen in 
scrapings from the diseased wood, and perithecia of a Botryosph»ria 
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wore found on the bark. The Botryosphsria was identified by 
C L. Shear as B, zanihocephala, which attacks the pigeon pea as a 
saprophyte in India. Cultures from the interior of cankers yielded a 
brown fungus which is probably the Botryosphseria, although no 
fruiting bodies have been produced. The results of inoculations with 
the pure culture are yet uncertain. 

A PHYSIOLOGICAL IM8BASB OP SISAL 

In 1923 attention was directed to a disease of sisal. The affected 
plants could be distinguished at considerable distance by their yel- 
low, drooping leaves. The leaves 
had sunken areas of shriveled, yel- 
low, corky tissue varying from a 
few millimeters in diameter to 
elongated patches covering nearly 
the whole of the blade. The mot- 
tled appearance suggested a type 
of mosaic. Affected plants ceased 
growing, and the yellowing, at first 
confined to older leaves, gradually 
extended to even young leaves 
which had not emerged from the 
central bud. Plants of all ages 
were attacked and a number died. 

Examination of plants in the in- 
cipient stage of disease showed the 
presence of small, apparently water- 
soaked, circular areas which proved 
to be translucent when the leaves 
w ere held to the light. Sections of 
translucent and corky areas failed 
to reveal the presence of any 
organism. The corky areas were 
a series of collapsed and dried 
mesophyll cells, r Ian tings of both 
stages in various culture agars 
failed to give any growth whatever 
from bits of tissue removed from 
the interior of the affected areas. 
Plants in various stages of the 
disease when examined showed 
dying roots in the more advanced 
stages, but no symptoms attributable to a root disease in the earlier 
stages. Sisal was severely affected, and some henequen growing in 
the same locality to a much less extent. 

The affected plants were grown on hillsides in a soil of very unpro- 
ductive heavy yellow clay. The very severe drought of the winter 
coupled with the torrential rains of the summer rendered the soil 
almost untillable and probably caused the death of the crop. A 
dozen young plants which were apparently in the last stages of disease 
showed complete recovery oneyear later when transferred to alluvial 
loam having good drainage, llie yellow had been replaced by green 
and growth was normal. The return to normal of the color would 




Fio. 12.— Sections ot cankered pigeon-pea stems 
with the bark cat away to snow the 
brown infected wood. 
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seem to indicate that yellowing was due to physiological causes rather 
than to parasite invasion. Recovery of affected parts could hardly 
be expected in the latter case. Leaf areas which collapsed and became 
suberized did not recover, but surrounding tissues regained their 
normal green color and turgidity. 

Crosses between henequen and sisal were made to establish progeny 
combininj^ the disease-resistance ability of the former with the desir- 
able quafities of the latter. The resulting progeny already exhibit 
great variety in characters, and their abiUty to resist disease is being 
watched with interest. 

TOMATO DISEASES 

Wilt {Ba4itenum8olanacearum) is one of the most destructive diseases 
of the tomato in Porto Rico. The bacteria are thought to gain 
entrance to the roots through wounds caused in transplanting or later 
by nematodes, and an effort is therefore being made to prevent infec- 
tion by immersing roots for transplanting in an approximate J^ per 
cent Uspulun solution. Applied in this strength tlspulun is toxic 
to the bacteria, and apparentlv not injurious to the plant. Plants 
when transplanted to dry soil and treated with the solution have 

frown as well as those receiving only water. The results of using the 
isinfectant in infected soil are not yet ready for publication. 
In a test with 36 varieties of tomatoes and hybrids an average of 
60 per cent of the plants became affected with bacterial wilt. The 
different varieties exhibited considerable variation in number of dis- 
eased plants, but no variety showed high resistance to infection. 
The variety Truckers' Favorite had a mortality of 100 per cent be- 
fore setting fruit. (Fig. 13.) 

Nematode root knot is another serious trouble in tomato growing. 
Comparisons of seed bed treatments were made, using steam-steri- 
Uzed soil, formaldehyde (1 part formalin to 50 parts water applied 
at the rate of one-half gaJlon per square foot), Uspulun (^ per 
cent solution applied at the rate of one-half gallon per square foot), 
and heavily infected untreated soil. The tmtreated soils, and 
Uspulun and formaldehyde treated soils resulted in an infection of 
100 per cent of the seedlmgs. No infection took place in the steam- 
. sterilized soil. The average height of the root-knotted plants was 3.85 
inches and of the healthy plants 6.34 inches three weeks after planting. 
The measurements were from root tip to tip of the youngest leaf. 

A BOOT BOT DISEASE OF mBISCUS 

Seedlings resulting from crosses between various varieties of orna- 
mental hibiscus were attacked by a root disease causing wilting and 
yellowing of the leaves and eventually the death of the plant. An im- 
identified Pythiumlike organism was isolated from mfected roots, 
but proof of its pathogenicity has not been attempted. The disease 
is interesting because it was not observed on any of the parent 
plants. Since the plants are usually propagated by cuttings, only 
resistant individuals probably have survived. 

MISCELLANEOUS PLANT DISEASES 

The following plant diseases were observed in Porto Rico during 
the year: 

Avocado, — Anthracnose (CoUeiotrichum alcsosporioidedf). Green 
specimens of fruit from a plantation in Villalba, where many varieties 
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are cultiyated, bore spots which were typical of anthracnose. The 
variety Fuerte was reported to be the most susceptible to the disease. 
The spotted areas were dark brown, roughly circular, with small black 
pimples in the center, and, as the fruits matured, became eniareed, 
f^unken, and covered with dirty white mas^s of conidia, corresponaing 




Pio. 13.— The two middle rows are Tracken' Fayorite tomatoes. Evety plant Is infected with 

bacteria] wUt 

closely with descriptions of G, glceosporioides. Cross inoculations are 
desirable to determine whether the fungus will infect citrus, and 
possibly the mango. 

Banana. — Anthracnose {Olceosporium musarum) attacked mature 
fruits, spotting the skin with brown. Wilt {Fvsarium evbense) was 
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very destructivei especially to the variety locally known as Chama- 
luco. The variety Gros Michel also proved to be susceptible to the 
disease. 

Bean. — Damping-ofF {Pyihium debaryanum) severely attacked ger- 
minating beans during the rain^ period. The fungus has not been 
previously recorded on oeans in Porto Rico. Rhizoctoniose, or hollow 
stem, was commonly found. Rust ( Uromyces appendicvlatus) proved 
to be destructive to beans growine in the greenhouse. Leaf spots 
(Cereoapara spp.) were so abundan^ present in some instances as to 
cause tne leaves to dry and fall. Often two distinct species of Cer- 
cospora were present on the same plant. Mosaic disease was fre- 
quently observed, the affected plants showing the characteristic 
symptoms of curling, dwarfing, and mottling. Powdery mildew 
(OiMum sp.) damaged some plants in the greenhouse, and was favored 
by conditions promoting the growth of the more destructive dis- 
ease, anthracnose (CoUetoirichum lindemuthianum) . The latter was 
prevalent only during the cooler season, and was not controlled by 
spraying with Bordeaux mixture. 

Beei. — ^Leaf spot (Cercospora betieola) did considerable damage 
during wet weather. 

Br^dfruU. — Rust (Uredo artocarpi)^ seldoni found and does neg- 
ligible damage. Algiu leaf spot {Cephaleuros virescena) , not important. 

Cabbage, — Black rot {Pseydommai campestris) destroyed the crop 
when continuously planted in the same place. Leaf spot {AUemaria 
braaaicas) was found only on old leaves. 

Cane. — Leaf spots {aelminthoaporium aa^^chari), Lepioaphxria aac- 
chariy and PhyUoaticia aaccharx) . fl. aacchari was commonly present on 
old plants and proved fatal to some seedlings. SeedUngs at the station 
were infected severely during even the driest months. The pycnidia 
of PhyUoaiida aaccTiari and the perithecia of Leptoaphaeria aacchari 
were often found in the same spots, suggesting a possible connection 
of the forms. Red spot of the leaf sheath (Cercoapora vaginx) proved 
to be of slight importance. Root diseases which may be of consider- 
able importance were found. Soil conditions play an important rdle in 
determining the amount of damage caused by organisms. Apparently 
varietal susceptibility varies considerably. Mosaic disease was very 
serious on susceptible varieties, many ofVhich are being replaced by 
immune canes. 

Cantaloupe, — Downy mildew {Peranoplaamopara cubenaia) was 
widdy prevalent and increased in virulence with the advent of the 
rainy season. Under normal conditions the disease may be controlled 
by spraying with Bordeaux mixture. Usually, leaf spot (Cercoapora 
sp.) causes damage resembling that done by downy mildew, and the 
two diseases may be found on the same leaf. 

Caaaava.— L/Bsd spot (Cercoapora sp,), 

Ciirua, — Soakh(Sphacelornafawcettii) (S]^oroirichumciiri)fis the most 
serious disease of grapefruit in Porto Rieo. The groves along the 
northern coast are very liable to infection. The trees at the station 
show^ little infection this year, but the leaves appearing during the 
summer are severely attacked. The absence of fruit infection is due 
to high temperature and scanty rainfall in the blossoming period 
Anthracnose (CoUetoirichum glceoaporioidea) was occasionally found on 
the leaves. Not important in this section. Sooty mold (Uapnodium 
ciiri) is common. Algal leaf spot (Cephaleuroa vireacena). 
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Cofee, — ^Thread blight {Cmiidum ifcoferoja), which covers the leaves 
with mycelium causmg their death, spreads bv means of mycelial 
strands which follow the branches and twigs. Often the dead leaves 
remain hanging from the twigs bv threads, suggesting the nanie of 
the dbease. Infection is general during the rainy season, but the 
damage done locally is not ereat, probably because the fungus is well 
checked by the severely dry winters. White-root disease (cause 
undetermined) is the most destructive of the diseases affecting the 
station plantings. The earliest symptoms are yellowing and wuting 
of the leaves. The fun^s may be seen at the collar of the trees, 
where it is present in white strands and patches on the base of the 
trunk and the roots. Black-root disease {RoaeUinia bunodes). The 
symptoms of the black-root disease are similar to those of the white 
type, differing onlv in the black fungus which is found at the base 
of the trunk. The black type is probably more prevalent locally 
than the white type, but is not present in the trees at the station. 
Leaf and berry spot {Cercospora cqffeicola), although usually present, 
does not cause serious loss. Leaf spot (Omphalia jtapida) , the serious 
disease of higher altitudes, is not found at the station. 

Corn, — Leaf spot or streak {Helmintlvosporium turdcum) is a con- 
spicuous and occasionally serious disease, causing elongated, bleached, 
dead areas in the leaf blades, in the centers of which the brown 
conidiophores and conidia of the fungus are plainly visible. Root rot 
(Fusanum monUi^orme) has been prevalent at the station in low, 
poorly drained soils. Loss from the disease varies greatly from year 
to year. Bacterial wilt {Aplanobacter stewarti) severely attacked a 
planting of hybrids growing on low ground. The hybrids were the 
result of crossing field and sweet corn. Rust ( Uredo paUida) is 
usually present, but does negligible damage. Smut (Vsiilago zeae) 
rarely attacks more than a few plants in a field. The disease is con- 
spicuous when it is present. 

Cotton, — hesiy bract, and boll spot (Helminthoaporium gossypii), 
(wSee p. 28.) Areolate mildew {Ramvlaria areola) is an important 
fungus disease of cotton leaves under humid conditions. Rust 
(Knhneola gossypii) frequently occurs on cotton growing wild and on 
sea-island cotton. Leaf spot (Phyllosticta malkoffii) resembles that 
caused by Helminthosporium gossypiiy but is of much less importance. 
Not previously reported from Porto Rico. Phytophthora boll rot 
{Phytophthora palmivora) is of importance during wet weather only. 
It attacks the bolls, causing them to turn black. The lint and seeds 
are destroyed. The fungus is not important on cotton in Porto Rico 
where the crop is matured during the dry season. Not previously 
reported from Porto Rico. (See p. 30.) Fusarium boll rot {Fysarium 
sp.) is destructive at Mayaguez during the rainy season. Diplodia 
boll rot {Diplodia gossypyna) . Dampmg-off {Rhiaoctonia sp.) . 

Cucumber . — Downy mildew {Peronoplasmopara evbenaia), a serious 
hindrance to cucumber culture, may be controlled by spraying with 
Bordeaux mixture, unless the rainfall is very heavy. 

Eggplant. — Leaf spot and fruit rot {Phomopsis vexana) are widely 
prevfident and destructive during damp weather. 

Oliricidia maculata, — Thread blight {Corticium Jedleroga) attack may 
assume some importance, especiauy in regions where a well-defined 
dry season does not hold the fungus in check. 
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Orape. — Powdery mildew (Oidium sp.) is severe on leaves and young 
fniitSy often causing them to drop. Ilust (Physapella vitis) generally 
severely attacks the leaves. 

Ouava. — Anthracnose (GflomereUa cinguLaia) . 

Bihiscus. — Root disease (undetermined Phycomy cete) . (See p. 34.) 

Lettuce, — I^eaf spot (Cercospora Idctucae) is commonly found on the 
older leaves. The disease is not important during dry weather, but 
renders the plant practically unsalable during wet periods. 

Mango. — Anthracnose (VoUetotrichum gloeosporioides) causes the 
death of the flowers and verv young fruit during rainy weather. At 
Mayaguez the fruit trees blossom during a veiy dry period and a 
good crop usually sets. In some sections little production is obtained 
because of rains during the blossoming season. The fungus also 
causes spots on the leaves. Sooty mold {Mdiola manaiferse) is usually 
present as a black coating on the leaves. Trunk galls (cause unde- 
termined) apparently cause no harmful effects. The large galls 
freq[uently form on the trunks and large branches. Leaf spot (Pesta- 
lozzia guepini) is common but not severe. 

Ohra. — Leaf mold (Cercospora hibisci) is nearly always present on 
the under sides of leaves which are nearly covered by the dark 
conidiophores and spores. The leaves turn yellow and fall, and the 
photosynthetic area is often reduced to a few young leaves at the top 
of the stalk. 

Onion — Anthracnose (Colletotrichum circinans) attacks onions of 
the white type. In localities where the disease is severe losses may 
be avoided by planting colored varieties. Leaf blight (Mdcrospo- 
Hum parasitica) causes drying and shriveling of the leaves. It is not 
of much importance at Mayaguez. 

Peanut, — Rust ( TJredo arachidis). Leaf spot ( Cercospora personata). 

Pepper, — Leaf spot {Cercospora capsici) is a widely prevalent dis- 
ease causing considerable loss. The spots are large and bleached, 
and cause infected leaves to fall, often resulting in nearly complete 
defoliation. Anthracnose {Olceosporium piperaium and CoUetotri- 
chum nigrum) attacked approximately half the plants in one planting* 
The fungi cause rotting of the ripening fruits. Wilt {Fusarium sp.) 
has been prevalent in neavy soils. Infected plants wilt during the 
day and revive at night for a short time, then turn yellow and fall. 
Sixteen per cent of the plants on heavy soil (clay) were killed by the 
disease. Usually the attack was delayed until the plants were fruit- 
ing. Investigation will be necessary to determine the exact species 
found in infected stems. Not previously reported from Porto Rico. 
Mosaic disease affected plants received from San GermAn. The 
leaves were wrinkled, dwarfed, and distorted, and the intemodes were 
shortened, producing a bimchy effect at the top of the plants. The 
plants failed to produce, and the leaves failed to show the yellow 
mottling characteristics of the disease in beans. Southern wilt 
(Sderotium rolfsii) occasionally kills a plant, but the disease is less 
important than the Fusarium wilt. 

Pigeon pea, — Rust (Uromyces dolichdi) is very commonly present, 
especially on old leaves, but apparently is not very destructive. 
Antliracnose (CoUetotrichum cajani) is present on pods and leaves 
(See p. 31.) Stem canker (Botryosph^ena xanthocepnala) is a serious 
disease causing the death of many plants. (See p. 32.) Damping-ofT 
{Rhizoctonia jerrugena) is very destructive to seedlings dunng wet 
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weather. (See p. 30.) Leaf spots {VdoMUa eOfjanif Cercospcra in- 
gtahUia) are commonly present. The spots are rather mconspiouous 
and are similar to those caused bv CoUdohichum eajaniy and are not 
very important. The genus Velosiella was separated from C^reor- 
pora cajanif on account of the catenulate conidia. 

Rice. — Brown spot (HelfninihoBporium aryzm) has assumed con- 
siderable importance in variety trials at the station. Fifteen per 
cent of the seedlings die as a result of the fungus invading the roots 
and collar. Older plants are attacked and the leaves thickly spot* 
ted. Spots appear also on the glumes and the f un^s is transmitted 
to the seed. Efforts to control the disease by treating the seed with 
formaldehyde, Uspulun, copper sulphate, and hot water have not 
given sufficient success to justify recommendation of seed treat- 
ment. Blast {Piricvlaria orvzse) is not of frequent occurrence. 

Rose, — Powdery mildew {Oidium sp.) was found on leaves of roses 
received from Salinas. It yields readily to fungicides. Leaf spot 
(Cercoapora rosicola) is abundant but not destructive. 

Roseue, — Root disease {Rhizoctonia sp.?) was noted for the first 
time during the year. A Rhizoctonia is constantly present in dis- 
eased roots, but its connection with the disease has not been estab- 
lished. The disease is very destructive and the infected plants die 
rapidly. 

Sisal. — ^Anthracnose {CoUetotrichum agaves) is frequently present 
and of considerable importance. Not previously reportea from 
Porto Rico. Physiological disease (see p. 33). 

Sorghum. — Rust {Pucdnia purpurea). Smut (Sphacelothecasorghi) . 

Sweet potato. — Java black rot (Diplodia tuhencola) blackens the 
interior of roots, which lose weight, shrivel, and turn grayish, and 
finaUy black, covered with the fruiting bodies of the fungus. The 
disease appears occasionally at the station, but has not caused serious 
injurv. White rust (Albugo ipomooeas-panduranx) is commonly found, 
but aoes no serious damage. Leaf spot (Cercospora sp.) is of minor 
importance. 

Swiss chard. — Leaf spot (Cercospora beticola) attacks the leaves 
during rainy weather and renders tnem worthless. 

Toba^^co. — ^Leaf spots {Cercospora nicotianx and PhyUosticta nicotic 
ana). C. nicotians was found on tobacco at the station, and P. 
nicotiana on leaves received from Corozal. Mosaic disease curls and 
mottles the leaves. 

Tomato cultivation is successful only during the dry season. Bac- 
terial wilt {Bacterium solanacearum) is the most serious disease in 
this region. Leaf mold {Cladosporium fvlvum) causes the leaves to 
turn yellow and fall. The f imgus is present on the under surfaces as 
an olive-colored mold. Spraying thoroughly with Bordeaux -mixture 
is efficacious in controlling the disease, except under conditions of 
extreme humidity. The disease ranks next to the bacterial wilt as a 
cause of loss. Blight {Phytophthara infestans) rarely causes loss here. 
In March an outbreak occurred among the station plantings. The 
weather was cool and rainy, and after a few days of warm, dr^ 
weather the disease disappeared. Leaf spot (Sepioria lycopersiet) 
was found at Garrochales, where it was confined generally to older 
leaves. Mosaic disease was severe at Garrochales. Infected plants 
were so mottled and dwarfed as to be worthless. 
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VantUa, — Rot {Olcsoaparium vaniUx) attacks only vines which are 
in very shaded and moist situations and is negli^ble as compared 
with root disease. The disease is conspicuous and blackens and rots 
an occasional vine. Root disease {Fusarium sp.) is exceedingly 
destructive. (See p. 26.) 

Watermelon. — Anthracnose {PoUetotfichum lagenarium) is the great- 
est hindrance to watermelon growing. The crop is often planted in 
low, rich valleys where the humidity is high. Under such conditions 
the anthracnose fungus is difficult to control, even by frequent 

Sprayings. Mycosphaerella wilt {M, ciirvUina) is found occasionally, 
overing the infected stems with earth has enabled most of the vines 
to mature their fruit. 

Yam. — Leaf spot {Cercospora carhonacea). 

o 
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REPORT OF THE DIRECTOR 

By D. W. May 

The Porto Rico Agricultural Experiment Station is devoting its 
energies mainly to problems of research and agricultural production, 
especially now that extension, inspection, and farm-bureau activities 
have been taken over by other agencies. For many years following 
its inception the station found it necessary to do considerable pioneer- 
ing work and to interpret the results oi agricultural investigations 
and practices to the people of the island. These activities are now 
being carried on by agencies working in cooperation with the insular 
department of agriculture, and the station is free to deal with 
investigations of tropical research, the purpose for which it was 
primarily established. 

The work of the several departments of the station is treated sepa- 
rately in this report. Efforts were again directed toward the solution 
of problems of feeding and breeding the cattle of the island, and 
comparisons were made of the results of crossing purebred sires with 
the native stock and the introduction of purebred animals of both 
sexes. New grasses were introduced for ran^e improvement, and 
legumes giving promise of spreading over the island in the shortest 
period of time received special attention. Denuded areas were refor- 
ested with trees which will ultimately be profitable in themselves, 
and with leguminous nurse crops for coffee and fruit trees that are 
closely to follow them. Tests were made comparing the cost and 
value of nitrogen of legumes for cane soils with the cost and value 
of nitrogen in commercial fertilizers. Studies were continued to 
determine the critical factors governing pineapple production, and 
^rtain soils which formerly £tiled to yield are now in profitable 
bearing. The efforts of the station to promote the more general 
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planting of both home and market gardens is showing results, and 
vegetables and flowers which were practically unknown in Porto 
Rico a few years ago are now appearing on the local markets, in- 
vestigations are bemg continued to determine the fertilizer, light. 
and heat requirements of flowers and vegetables from the temper?' te 
regions, and the insect and fimmis pests attacking them. 

With an increased price paiafor coffee and a market consumption 
which bids fair to overtake the world's production, many of the loi al 
coffee growers are anxioiis to learn how to fertilize their trees to 
increase yields. To enable growers to use fertilizers economically 
and effectively, the station published during the year a bulletin 
giving the results of experiments covering a long series of years on 
local coffee soils.^ 

Com from the temperate regions fails toprosper in the Tropics, and 
the native com does not develop well. The station is endeavoring 
to produce good varieties by crossbreeding and by selecting from the 
native type. Both methods are showing promise. 

The local sugar industry is receiving aid through the breeding of 
new varieties of canes of nigher tonnage, ^eater sweetness, and re- 
sistance to disease and insect attack. Durmg the year 150,000 seed- 
lings were produced as the result of a study of the various methods 
of germination and propagation. This large production has in- 
creased the chances for selecting vigorous seedlings for further trial. 

The West Indies have been repeatedly scourged by insect-borne 
diseases affecting man and beast. Some diseases, like yellow fever, 
have been exterminated, but others caused by the hookworm and the 
cattle tick prevail still in Porto Kico and entail a tremendous amount 
of suffering and heavy losses of life. The parasitologist has there- 
fore very important work to do locally. During the year he made 
commendable progress in determining the presence of certain para- 
sites and their life history and control. 

Citrus scab, the most serious pest of the citrus industry at this 
time, is being combated mainly by an endeavor to breed a resistant 
variety of fruit. Coconut bud rot, which also attacks the hat palm, 
is being controlled by cutting and burning infected plants, and vanilla 
root rot by a series of experiments with soil disinfectants. 

CATTLE 

The livestock industry of Porto Rico has been benefited by the 
employment of improvea methods of feeding and the introduction of 
judiciously selected purebred sires and high-grade dairy cows. Local 
dairymen, encouraged by the prevailing high price paid for milk, 
brought in a large number or dairy cows. The industry is still 
menaced by the cattle tick, and until this tick is brought under con- 
trol the general stock farmer probably could more profitably build 
up his herd by means of a purebred bull rather than by acclimating 
animals of both sexes. Usually purebred cattle from tne North can 
be carried through tick fever, but their vitality is considerably 
lowered by it, and they must be given a great deal of care if they are 
expected to prosper as the native cattle do. Purebred females may 
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be brought in by the farmer who is pi*epared to give them good 
stabling and feed. Some of the animals may die, but their progeny 
will grow as vigorously as do the offspring of mixed breeding. 

Some of the station herd, started with native cows crossed with 
purebred sires, now carry seven-eighths and others fifteen-sixteenths 
Guernsey blood. The four purebred Guemsey heifers which were 
introduced in 1923 were given the same treatment received by the 
ciossbreds and yielded for the eight months of their lactation period 
ail average of 3,235 pounds of milk. Two Shorthorn bulls and a 
heifer have been added to the station herd. These have heavier coats 
of hair and are harder to acclimate than the Guernseys, but. on the 
other hand, they put on flesh on grass and make heavier growth. Tlie 
Shorthorns, when crossed with the native stock, also produce animals 
of better conformation and thicker flesh, and the milk yield is 
o^reatly increased. 

The station bulls of both breeds are broken to work to give them 
needed exercise and keep them even tempered. The Guernsey sires 
become harder to manage with age, but the Shorthorns, like the 
native bulls, are better tempered and more easily handled. The suc- 
cess of the station in makmg purebred bulls work for their main- 
lenance may lead planters to plirchase purebred animals to replace 
some of the regular work animals in the cane fields. 

FORAGE CROPS 

Uba cane on all types of soil may not prove to be satisfactory for 
sugar production, but the crop is certain to be profitable as a stock 
feed. It is a very heavy yielder and usually produces more feed than 
any other forage crop tried at the station. Uba cane undoubtedly 
will be grown for forage once it is supplanted by superior seedling 
varieties for sugar. 

Guatemala grass {Tripsaewm laxum) is next in rank in point of 
yield. It is sRghtly sweet, and the whole stalk is relished by stock. 
the losses in feeding are low. Elephant grass {Penmsetum purpu- 
iTum) returns large yields even on infertile soils and uplands. Under 
conditions of drought or overripening the grass soon becomes woody, 
which greatly increases the percentage of waste in feeding. Elephant 
?i ass should be cut more frequently than is the local practice. Guinea 
liiass {Pcmicuvi vuxxiwum) and Para grass (P. baroinode)^ or malo- 
jillo, as it is known locally, are still grown on large areas. Guinea 
jiYSLSs is preferable for the limestone soils of the semiarid regions, and 
the malojillo for soils which are heavy, swampy, and deficient in lime. 

The average yield per acre of green forage for the five grasses, 
^rown on similar soils at the station and cut at the beginning of the 
dry season as they were approaching maturity, was as follows : Uba 
cane, 64.7 tons; Guatemala grass, 35.4 tons; elephant grass, 82.6 tons; 
Guinea grass, 17.4 tons; and malojillo grass, 19.6 tons. The grasses 
were cut and fed whole, fed from racks above mangers, and cut in 
half-inch lengths and fed from troughs. The losses or uneaten per- 
centages were as follows : Uba cane, 27.5 per cent whole, 13 per cent 
cut; Guatemala grass, 21 per cent whole, 18.5 per cent cut; elephant 
^nass, 55 per cent whole, 50 pr cent cut; Guinea grass, 27 per cent 
whole, 37 per cent cut; malojillo grass, 30 per cent whole, 26 per cent 
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cut. Estimated on the percentages consumed, the grasses yielded per 
acre as follows: Uba cane, 39.6 tons when fed whole and 47.6 tons 
fed cut; Guatemala grass, 28 tons fed whole and 28.9 tons fed cut: 
elephant grass, 14.7 tons fed whole and 16.3 tons fed cut; Guinea 
grass, 12.7 tons fed whole and 11 tons fed cut; and the malojillo, 13.7 
tons fed whole and 14.5 tons fed cut. These yields are relative and 
would not be obtained from all lands or during all seasons. The 
grasses ratoon well and annual yields depend upon such factors as 
soil, rainfall, and the stage and frequency of cutting. Each planter 
may find two or more of the grasses more profitable than one, as his 
soils vary. All the grasses are worthy of trial. 

The percentage oi loss in feeding is least with the cut Uba cane. 
This is so sweet that the animals readily eat nearly all the stalk. The | 
next lowest loss is with the Guatemala grass for the same reason. 




Fro. 1. — Trough for feeding cot grass 



The woodv stem of the Guinea grass is discarded, and the animals 
separate the stalk and leaves best after the grass has been cut into 
short pieces. When the whole grass is fed the animals must consume* 
the stems to get the leaves. For this reason a smaller percentage 
of the grass is consumed when it is fed cut than when it is fed whole. 
When the larger grasses are cut the animals eat all but the woody 
stems. The heavy losses in feeding elephant grass are due to its 
woody stems. Elephant, Guinea, and malojillo grasses should be 
fed when they are young and succulent. It has not been foimd 
profitable to run these grasses through a cutting box. 

At the station grass for forage is run through a cutter set on a 
concrete floor. Thence the grass is pushed to ail adjoining trough 
which is built on a lower level. (Fig. 1.) The trough is separated 
from the side on which the grass is cut bv a woven-wire fence under 
which the grass is pushed to the animals feeding on the opposite side. 
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Java grass {PoVytrias praemarsa)^ which is said to do well for 
pasturing animals in Java, was introduced into Porto Rico by the 
Qtation some years ago and is doing very well. The grass grows 
readily from roots and makes a thick mat of both leaves and roots, 
and seeds profusely. It is hardy, better adapted to lawns than any 
other grass under test, and crowds out the native grasses. Java grass 
turns brown under conditions of prolonged drought but does not die 
out. The leaves have a remarkable water-holding capacity, and 
drops of rain or dew remain in their folds for some time after the 
Qun strikes them. This fact undoubtedly helps to keep the grast, 
<rreen after other varieties have dried. The grass is considered to 
be of value for upland pastures and hillsides and is readily grazed 
by cattle. 










Fio. 2. — Giant Surinam toad (Bufo marinus) 



SURINAM TOAD 

In 1920 some giant toads (Bufo marirma) were introduced into 
Porto Eico from Barbados. (Fig. 2.) These were liberated at the 
station and increased so rapidly that now they are found in great 
numbers in the western end of the island. The toads are being 
shipped in 1 dozen to 10 dozen lots to other parts of the island. 
Planters in this part of the island report lessened depredations of 
the changa (Scapteriscus vicinua) and white grubs {PkjfUophaga 
spp.) as the probable result of the introduction. The toad is noc- 
turnal in habit and burrows in the ground during the day. Four 
kinds of night- feeding invertebrates, the May beetles and their white 
grubs, slugs or snails, the changa or mole cricket, and cockroaches 
are especially destructive in Porto Rico. In other countries these 
pests are apparently held in check by natural enemies. The toad 
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promises to be of value for combating insect pests which have few 
natural enemies. 

An examination of the stomachs of the Bufo marinua found near 
the station disclosed the presence of ants of various kinds; May beetl(}s 
{Phyllophaga spp. and Lachnostema citri) and grub of the latter; 
Zophobds trwrio and small weevils; cockroaches, three species; flea 
beetles, Syatena hasalis and Cerotoma ruiicoTms; melon beetle, Di<h 
hrotica sp. ; Hemiptera partly digested and leaf hoppers ; changa or 
mole cricket {Scapteriscvs vicimis) ; red, black, and yellow milli- 
pedes; housefly pupee; centipedes; large Diptera (tabanid) ; land- 
snail shells, Ih'ymdeus liliaceus; and lepidoptprons caterpillars. 

CACAO CURING 

Marketable cacao, like some other plants carrying an alkaloid and 
relished by the human palate, requires careful curing. The value of 
cacao depends very much upon the development of its peculiar flavor 
and aroma. Quality is doubtless affected by the vanety of bean, the 
stage of maturitjr at which it is harvested, and to some extent by tho 
soil upon which it is grown. Good chocolate can not be made from 
beans of a poor variety, hor from a good variety of beans which have 
been improperly cured. Of the two general classes of cacao, Criollo 
and Forastero, the former is of better quality, but the latter is the 
hardier and grows on lands that are not suitable for the Criollo. 
The Criollo is at home in Venezuela, which has long been noted for 
the excellence of its cacao. Of late years the planters have developed 
a tendency to grow and mix in the Forastero, a practice which will 
doubtless lower the quality and decrease the value of Venezuelan 
cacao. Oscar Loew, formerly physiologist of the Porto Rico Agri 
cultural Experiment Station, who spent the past winter in Brazil, 
in a personal letter reports' as follows on the cacao of that country: 

There are 15 varieties known, while only 3 are generally grown. Criollo is 
the best variety, but certain hybrids are grown to a greater extent because of 
higher yields and on less fertile lands. The product of the Forastero cacao 
never reaches the fine quality of the Criollo, which by reason of its excellent 
aroma and uniformity brings the highest price in commerce. The Criollo has 
a higher percentage, 55 per cent, of fat than other varieties and requires si 
shorter time in preparation for market. The consumption of cacao in Brazil 
is low and the best qualities found there as manufactured are imported. Four 
fungus diseases of cacao in Brazil are noted, while depredations by animals 
are frequent. As to methods for bettering the product, the question of variety 
comes first and the Criollo is recommended. The lessened production might 
be overcome by higher prices paid for the better product. 

Careful prej)aration of the bean has much to do with the quality, 
and fermentation with the development of the aroma, of the best 
cacao. Fermentation should be finished before the adhering pulp of 
the bean is changed through alcoholic and acetic fermentation. 

After the husk has been discarded in the drying process the pulp 
surrounding the bean must be removed. Probablv the easiest way to 
remove the pulp is to let it ferment and slough off. During this 
time changes are occurring in the bean. This is the so-called fermen- 
tation process of cacao and varies in different cacao-producing coun- 
tries. The quality of the bean is thought to be affected and the 
aroma developed by alcoholic followed by acetic fermentation of the 
pulp, but results of experiments at the station show that these 
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changes take place in the bean by the action of unorganized ferments 
or enzymes. The cacao bean is very rich in enzymes, as is shown by 
the characteristic changes rapidly taking place in the color of the 
tissues of freshly cut ripe beans. The action of the enzymes within 
the bean undoubtedly is favored by temperature and other factors. 
The inner husk of the cacao pod and the pulp surrounding the bean 
fail to ferment suflSciently to develop the characteristic aroma of 
cacao, but by sealing the bean they evidently enable it to develop the 
characteristic flavor. 

Fermentation mav begin in the fully ripe bean before the pod is 
broken, and the seed sprouts after a time. The quality of the product 
of such overripe beans is poor. 

The alcoholic and acetic fermentation of the pulp facilitates cleans- 
ing of the beans preparatory to drying, but it does not improve their 
general quality. The undesirable sour odor enfianating from the dried 
bean is caused by the acidity which develops during the later stages 
of fermentation. The quality of the fermented bean failed to im- 
prove in experiments using cultures of yeast, acetic, lactic, and Bul- 
garic acid-forming bacteria. When lactic acid bacteria were used the 
color of the beans improved, turning brighter, and the beans were 
plumper, but their quality was lowered. When dilute acids were 
used the flavor of the beans failed to improve and the action of the 
enzymes was retarded or stopped. 

The best cacao comes only from thoroughly ripe beans which have 
been dried at sufficiently low temperatures to prevent destruction of 
the enzymes. If the beans are stored while they are too moist they 
will mold; and, on the other hand, if the beans are stored after they 
have become too dry they will not ferment. Stored cacao under 
proper moisture conditions continues to improve over a period of 
some months. In Venezuela the beans are coated with clay to im- 
prove their quality. This improvement can not be attributed to any 
added element from the clay, but is due to the sealing process, whien 
enables the beans to retain their aroma and ferment uniformly. 
Coatings of brick dust and natural lime (coral) were found to have a 
favorable influence on the beans, but were not nearly so satisfactory 
as: coatings of clay. 

Certain salts were found to exert a favorable influence in the curing 
of cacao. They enable the beans to retain an increased percentage or 
water and thus aid the extended curing or fermentation process. 
They also prevent souring in the fermenting pulp and combine with 
the pulp in forming a coating which facilitates changes, developing 
the best consistency and flavor. The beans were soaked one to tnree 
clays in 5 per cent solutions of the salts. The solutions having a 
favorable influence on flavor were, in the order of their merit, potas- 
sium alum, calcium chloride, magnesium chloride, ammonium alum, 
sodium chloride, and ammonium sulphate. Treating the beans with 
the salt solutions to some extent prevented them from shrinking and 
brightened their color. 

NOTES ON GARDENING 

The scarcity of fresh vegetables in the dietary of the people of 
Porto Kico is a matter of concern, more especially since climatic con- 
<litions in nearly all parts of the island are favorable for gardening. 
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The export of winter vegetables, notably peppers and tomatoes, to 
the markets of the mainland is Rowing, but on the whole the island 
continues to import vegetables throughout the year, and the peo})le 
depend too much upon dried and canned foods. 

The first requisite for successful gardening is good soil. Land 
which has been devoted to field crops for some years can not be used 
for garden purposes until the soil has been fertilized and oriven some 
organic matter to increase its humus content. In the Teniperate 
Zone winter cleans the ground, and freezing mellows it. In the 
Tropics, on the other hand, where there are alternate wet and dry 
seasons, the ground puddles and becomes so hard and compact as to 
be almost impossible to cultivate. Before such ground is devoted to 
truck crops it should be planted with cover crops to prevent surface 
washing, smother out weed and other volunteer growth, and enrich 
and shade the soil. Rotted manure is the best fertilizer for the 
garden, but commercial fertilizers also can be used to advantage. 
Occasionally such fertilizing materials as tobacco stems and wood 
ashes can be obtained at low cost and often for the hauling. Lime 
should be used as a corrective for acid soils. 

By growing his vegetables and flowers quickly the planter may 
bring them through without insect or fungus attack. However, he 
should be prepared to deal with such pests when they appear. The 
following notes on vegetables and flowers are based on the results of 
experiments covering many years at the station and may be of interest 
to prospective growers : 

VEGETABLES 

Among the vegetables that should occupy an important place in tlie 
dietary are the leafy kinds, including lettuce, cabbage, spinach, and 
the like. 

Lettuce grows readily at all seasons. The seed should be sown in 
boxes and the resulting young plants transplanted to the open. Let- 
tuce does not always head under local conditions and soon starts to 
form a seed stem. Varieties producing the most leaf in the shortest 
time are desirable for Porto Kico. The Mignonette seems to be well 
adapted for home use. 

Swiss chard is a very suitable vegetable for salad making. Beetles 
aften destroy the leaves, and, since they constitute the edible part, it 
is not practicable to spray the plant with poisons. Nicotine sul- 
phate has given good results at the station when used to combat the 
insects. 

Mustard, coUards, and spinach thrive and should be eaten before 
they grow coarse and fibrous. These salad plants do not have the 
flavor characteristic of similar plants in the temperate region. Suc- 
cessive plantings are recommended. 

Cabbage grows well but does not form as firm heads as in colder 
countries. Keckoned in pounds, cabbage can be imported more 
cheaply than it can be grown locally. 

Cauliflower seldom heads in Porto Rico. Kohlrabi, a good sub- 
stitute for cauliflower, is easily grown and usually is of excellent 
quality. It should be better known locally than is the case. Okra 

frows well throughout the year and sometimes during periods of 
eavy rains at Mayaguez it is the only vegetable available. 
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\]1 kinds of peppers do well. The pepper is one of the few vege- 
tables now being grown for the markets of the mainland. Both 
native and improved varieties of eggplant are easily grown. 

Celery is easily grown. It should be started in boxes and later the 
seedlings should h^ transplanted to the open. Celery is not so hard 
or crisp as in cold climates. 

Radishes are at home in Porto Rico. Carrots need care while the 
plants are small and tender. Turnips should be grown quickly; else 
they will be woody and bitter. Beets should l^ transplanted for 
best results and the tops dusted or sprayed with poison to safeguard 
them from insect attack. 

Melons are likely to be attacked by insect and fungus pests and 
should be grown in a different location in the garden each year. Tlie 
poor quality of most of the native melons is due to the fact that the 
vine is attacked by disease, or harvesting is done before the melons 
have a chance to ripen. Melon varieties vary considerably in their 
ability to withstand fungus attack. 

Onions do well when they are grown on suitable soil. They are 
grown to some extent commercially, though more and more are im- 
ported each year. Seasonal differences must be taken into consid- 
eration when onions are grown. They develop their largest bulbs 
during the summer or when the daylight is longest. 

Peas do so well that one wonders why they are ao seldom sown. 
Evidently they have never been grown to any extent, for the soils 
fail to show the presence of the proper nitrogen-storing bacteria. 
Pea seed should be inoculated with nitrogen-fixing bacteria when 
sown for the first time.^ All types of peas tested at the station wore 
successful. The low-growing varieties are the quickest to bear, but 
they bear for a short time. The tall-growing kinds, those that grow 
5 to 6 feet tall, bear during a period of four to six weeks, and 
produce more abundantly than do the low-growin§^ peas. Staking 
costs are more than compensated for by increased yields. 

The tomato is a tropical plant. The fruits of a wild variety which 
is found growing along the river courses are small and wrinWed and 
used to flavor soups. The improved large, smooth variety should be 
found growing in every local garden. The introduced tomato is not 
so immune to disease as is the wild kind, but can be successfully 
grown. Varieties vary in vigor and immunity. Grown on the 
proper soil the fruits equal in size, form, and flavor those produced 
elsewhere. The progeny of crosses between native and improved 
varieties have shown some immunity to disease, but in smoothness 
of skin and in flavor the fruits do not compare with the improved 
kinds. Soils for tomatoes should not be too rich in nitrogen; eke 
the plants will run to vines. The plants should be pruned when 
necessary and grown in rotation with other crops. Better still, the 
plants should be grown on different plats of land each year. Diseased 
leaves and plants should be removed from the plat. 

FLOWERS 

The balsam, one of the easiest flowers to grow in Porto Rico, grows 
•C inches high, blooms, and seeds in the short days of winter, and 

* Inocalatlon material and direetlons for applying it maj be obtained from tba itation. 
63898—27 2 
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attains a height of 12 inches, but requires more time to reach matur- 
ity, in the long days of summer. The balsam can be used as a house 
plant for a few days after flowering, provided it is properly taken 
up and potted. The sweet pea is affected by the length of day. 
Superb sweet peas, such as are to be found in the States, grow but 
fail to bloom. The so-called winter-flowering kinds that have been 
developed from a tropical variety are recommended for use as orna- 
inentals. Sweet-pea seed shoula be grown in inoculated soil. The 
zinnia thrives throughout the year and on most soils. It makes its 
rankest growth during the period of longest days. Handsome and 
varied types have been bred from this old-fashioned flower. Tlie 
seeds of the snapdragon are small and should be started in boxes and 
the resulting young plants transplanted to the open. Snapdragons 
are in many colors and bloom through a long season. Calendulas do 
well, and the cut flowers last for some days. Phlox, candytuft, and 
verbena make satisfactory border plants. Larkspur blossoms spar- 
ingly. The petunia is difficult to get started, then grows well and 
blooms over a long period. Nasturtiums do well and bloom pro- 
fusely. Sunflowers make rank growth and some of the double varie- 
ties are very attractive as ornamentals. Begonias thrive and can be 
easily propagated from leaf cuttings. The seed are rather small 
and must DC given tender care if they are expected to germinate. 
Coreopsis and gypsophila make satisfactory garden plants. Asters 
bloom sparingly, and the flowers are small. Coleus makes splendid 
^owth in shaded situations, but is more highly colored when grown 
in the sun. Coxcomb and hollyhock make rank growth and produce 
many flowers. The dahlia grows well in most situations. With a 
12-month growing season in Porto Eico the grower should be able 
to develop many new and attractive types of flowers. 

REPORT OF THE ASSISTANT CHEMIST 

By J. O. Gabbebo 

MANAGEMENT OF CANE SOILS 

Studies of nitrogen utilization by cane soils were continued, and 
the fourth crop, a first ratoon of the Kavangire variety, which was 
grown under conditions described in former reports, was cut early 
m the year. Data were recorded on crop yields of the different plats. 
The work of the year was mainly of an analytical nature. Chemical 
analyses were made of part of the samples taken during 1925, as 
well as of those taken in 1926. Samples of juice were analyzed tor 
sucrose content, purity, find quantity of fertilizing elements. Ground 
samples of the straw, trash, and bagasse were examined to learn th<^ 
amount and kind of fertilizing elements they removed from the soil, 
and soil samples from the various plats were analyzed to determine 
what changes took place in composition as the result of treatment. 

Progress in the work was hampered by reason of the nature of 
some of the material to be analyzed. Cane leaves and bagasse were 
easily handled, but cane juice had to be analyzed for its nitrogen, 

Shosphoric acid, potash, lime, and magnesia content. Considerable 
ifficulty was experienced during evaporation of the juice and ashing 
of the residues, owing to lack of the necessary laboratory equipment 
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to carry on the work. Three methods were tried to overcome the 
difficulty: (1) The iuice was evaporated with concentrated sulphuric 
and nitric acids; (2) the juice was evaporated with concentrated 
nitric acid; and (3) measured quantities of the juice wci^ allowed to 
ferment for 14 to 21 days, when the alcohol produced was evapo- 
rated, and the solution again made up to volume to ferment a second 
time for two weeks. Nearly all of the organic matter present was 
thus destroyed; then the solution was evaporated nearly to dryness, 
when 40 c. c, of concentrated nitric acid was added and boiling was 
maintained for half an hour. 

The first method was tried only once, since it necessitated the use 
of too large quantities of nitric and sulphuric acids to destroy the 
large amount of sugar and organic matter present in the 260 c. c. 
sample portions of juice. The second method gave good results, 
but also required excessive quantities of nitric acid to destroy the 
sugar present in the juice. It was then decided to destroy most of 
the sugar present by fermentation. Accordingly, 250 c. c. sample 
portions oi juice were inoculated with a pure yeast culture and 
allowed to ferment two to three weeks before being evaporated nearly 
to dryness. The original volume was restored by adding pure dis- 
tilled water, and the sample was again inoculated with yeast culture. 
Fermentation was allowed for two to three weeks before it was again 
evaporated to dryness, and 26 to 40 c. c. of concentrated nitric acid 
was added, and boiling was maintained for half an hour. This 
treatment destroved most of the sugar and organic matter present 
in the juice, and the small amount remaining was burnt off after 
the added acid had evaporated. This method was tested both with a 
juice sample and with a carefully prepared solution. 

Eight samples of juice were analyzed for phosphoric acid by the 
method described and by evaporation and burning with maj^esium 
nitrate. Samples 1 to 4, inclusive, were tested by evaporation and 
burning with magnesium nitrate and found to contain 82.4 to 82.8 
mgm. of phosphoric acid per 100 c. c. of juice, or an average of 82.55 
mgm. Samples 5 to 8, inclusive, were tested by the method under 
discussion and found to contain 82.4 to 82.6 mgm. of phosphoric acid 
per 100 c. c. of juice, or an average of 82.6 mgm. 

The nrepared solution had the following composition : Pure su- 
crose lo gm., phosphoric anhydride 85 mgm., potassium oxide 150 
mgm., calcium oxide 14 mgm., and magnesium oxide 18 mgm. per 
100 c. c. of juice. A series of solutions were prepared by both 
methods and analyzed for phosphoric acid and for potash. Phos- 
phoric acid determination was made in samples 1 to 4, inclusive, by 
evaporation and burning with magnesium nitrate, and in samples 
5 to 8, inclusive, by the method under trial. The samples were 
found to contain 84.4 to 84.6 m^. of phosphoric acid per 100 c. c. 
of juice. Samples 5 to 8, inclusive, as prepared for the phosphoric 
acid determination, was found to contain 149.4 to 149.7 mgm. of 
potash per 100 c. c. of juice. Apparently loss of phosphoric acid or 
potash did not occur during preparation for analysis, since the true 
content of the original solution was 85 mgm. of phosphoric acid and 
150 mgm. of potash. 

The next difficulty met with was in the determination of lime. 
The juice is low, especially in calcium oxide, which ranges from 10 
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to 16 mgm. per 100 c. c. of juice. The ordinary methods failing to 
give concordant results, recourse was had to other methods. Througli 
the kindness of W. H. Ross, C. B. Durgin, and R. M. Jones,^ G. E. F. 
Lundell and J. I. Hoffman,* and F. H. McCrudden* their methods 
were tried with cane-juice samples as prepared by the proposed 
fermentation method. 

Four samples of juice, which were tested for calcium content by 
the Ross method, were found to contain 0.0167 to 0.0168 gm., or an 
average of 0.01675 gm. per 100 c. c. of juice; four others, tested by the 
Lundell method, had 0.0171 to 0.0172 gm., or an average of 0.01715 
gm. per 100 c. c. of juice; and a third series of four, tested by the 
McCrudden method, nad 0.0168 to 0.0172 gm., or an average of 0.0171 
gm. per 100 c. c. of juice. The three methods gave closely concordant 
results so that they could be used indiscriminately. However, since 
the Ross method requires the use of 95 per cent alcohol, which is 
difficult to obtain, the other two methods were adopted for use. 

The nitrogen content of the leaves, trash, and bagasse was readily 
determined, but there was some doubt as to the application of the 
method to the juice. Accordingly, tests were made on samples of 
juice, varying the conditions of analysis to learn the effect on results. 
Samples were tested immediately after expression of the juice. Some 
were preserved by the addition of 10 c. c. of concentrated sulphuric 
acid and tightly stoppered; and others were allowed to ferment 
naturally both without and after the addition of distilled water 
equaling in volume the sample taken. The same tests were made 
on samples receiving a small amount of nitrogen in the form of 
ammonium sulphate. 

The nitrogen content in milligrams per 100 c. c. of juice is shown 
in the f 6llowing series of 25 c. c. sample portions : 

Samples 1 to 4, inclusive, to which nitrogen was added imme- 
diately in the fresh sample, had 25.96 to 26.56 mgm., or an average 
of 26.1 mgm. of nitrogen. Samples 5 to 8, inclusive, each of which 
was preserved by th« addition of 10 c. c. of concentrated sulphuric 
acid, then stoppered and not analyzed for 20 days, had 25.96 to 26.24 
mgm., or an average of 26.1 mgm. Samples 9 to 12, inclusive, were 
allowed to ferment for 10 days before being analyzed. Sample 12 
was lost. The solutions emitted a slightly acetic odor and contained 
26.24 mgm.* of nitrogen. Samples 13 to 16, inclusive, each of which 
was diluted with 25 c. c. of distilled water and allowed to ferment 
for 10 days before being analyzed, had 25.68 to 28.48 mgm., or an 
average oi 25.77 mgm. of nitrogen. Sample 15 was not included in 
the average. Samples 17 to 20, inclusive, were allowed to ferment 
for 20 days before being analyzed and were found to contain 25.96 
to 26.24 mgm., or an average of 26.15 mgm. of nitrogen. The solu- 
tions emitted an acetic odor. Sample 20 was lost. Samples 21 to 24, 
inclusive, each of which was diluted to 50 c. c. with distilled water 
and allowed to ferment for 20 days before being analyzed had 25.4 to 
26.24 mgm., or an average of 25.68 mgm. of nitrogen. 

*BoBS, W. H., DuBGiN, C. B., and Jonks, R. M. thb composition of commbbcial 
PH08PH0BIC ACID. Jour. Indus. and Bngln. Chem. 14 : 533-535. 1922. 

^LuNDBLL, G. B. F., and Uopfman. J. I. the analysis or phospbatb bock. Jour. 
Assoc. Off. Agr. Chem. 8 : 184-206. 1924. 

* McCbuddsn, F. H. ths quantitatiys sepabation of calcium and magnssium in thi 

PBKSBNCa OF phosphates AND SMALI. AMOUNTS OF IBON DBTISKD BSPBCIALLT FOB TBI 

analysis op FOODS, URiNB, AND FDCDS. Jour. Biol. Chem. 7 : 83-100. 1910. 
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Fermentation not only destroyed part of the sugar in the juice 
and left less organic matter to be oxidized by sulphuric acid, but it 
ilso permitted some of the samples pressed on one day to be analjrzed 
( n later days. This fact sutrjzested the use of larger sample portions 
than 25 c. c. of juice. 

In the following series 50 c. c. portions were analyzed for nitrogen 
in milligrams per 100 c. c. of juice: 

Samples 25 to 28, inclusive, which were allowed to ferment for 10 
«lays before being analyzed, emitted a slightly acetic odor. Thw 
were found to contain 25.16 to 26.16 mgm. or an average of 25Jzl 
mgm. of nitrogen. Samples 29 to 32, inclusive, were each diluted to 
75 c. c. with distilled water and allowed to ferment for 10 days 
before being analyzed. They had 25.3 to 26.56 mgm., or an average 
of 25.86 mgm of nitrogen. Sample 32 was lost. Samples 33 to 86, 
inclusive, the undiluted iuice of which was allowed to ferment for 
20 days before being analyzed, had 25.3 to 26 mgm., or an average of 
•J5.58 mgm. of nitrogen, and emitted a strong acetic odor. Samples 
37 to 40, inclusive, were each diluted to 75 c. c. with distilled water 
;ind allowed to ferment for 20 days before being analyzed. They 
were found to contain 25.16 to 25.72 mgm., or an average of 25.44 
mgm. of nitrogen, and emitted a strong acetic odor. Samples 41 to 
44, inclusive, were each diluted to 75 c. c. with distilled water and 
allowed to ferment for 20 days before being analyzed. They had 
25.3 to 25.58 mgm. or an average of 25.44 mgm. of nitrogen and 
emitted a strong acetic odor. 

In the following series, 25 c. c. sample portions of juice were run 
for nitrogen in milligrams per 100 c. c. of juice, but the .conditions 
were changed by the addition of small amounts of nitrogen in the 
form of ammonium sulphate. 

Samples 1 to 4, inclusive, were analyzed immediately after being 
expressed and were found to contain 20.2 to 20.4 mgm., or an average 
of 20.35 mgm. of nitrogen. Samples 5 to 8, inclusive, each of which 
received 20 mgm. of nitrogen as ammonium sulphate and was ana- 
lyzed at once, had 20.2 mgm. Samples 9 to 12, inclusive, each of 
which received 10 c. c. of concentrated sulphuric acid, was tightly 
stoppered and analyzed 20 days later, had 20.2 to 20.8 mgm. or an 
average of 20.45 mgm. of nitrogen. Samples 13 to 16, inclusive, each 
of which received 20 mgm. of nitrogen as ammonium sulphate, was 
preserved by the addition of 10 c. c. of concentrated sulpnuric acid 
and analyzed 20 days later, had 20.2 to 20.4 mgm. or an average of 
20.27 mgm. of nitrogen. Sample 13 was lost. Samples 17 to 20, 
inclusive, the undiluted juice of which was allowed to ferment for 
10 days before being analyzed, had 20.4 to 21.6 mgm., or an average 
of 20.95 mgm. Samples 21 to 24, inclusive, each of which was twice 
diluted to 50 c. c. with distilled water and allowed to ferment for 10 
days before being analyzed, had 20.8 to 21.6 mgm., or an average of 
21.2 mgm. Samples 23 and 24 were lost. 

Fermentation of undiluted and diluted samples before analyzing 
them is more advantageous than determination of the fresh juice 
and the juice preserved with 10 c. c. of concentrated sulphuric acid 
in requiring 10 to 20 c. c. less of concentrated sulphuric acid to 
destroy the organic matter present. Fermentation also requires 
about 40 to 60 minutes less jfor oxidation than do the other two 
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methods. Undiluted fermented samples yielded results which were 
comparable with those of fresh- juice samples; the results of dilute<I 
samples were inclined to be low. The advantage gained by fer- 
mentation was lost, however, when 50 c. c. portions of juice were 
used instead of 25 c. c. portions. Notwithstanding fermentation, 
enough sugar remained in the solution to require a longer tme for 
digestion than was required by the unfermented sample; and a loss 
of nitrogen occurred which, though small, was high in proportion to 
the total amount present. The same diflferences were observed when 
the samples received a small amount of nitrogen in the form of 
ammonium sulphate. Closely concordant results were obtained 
between samples of the fresh juice both with and without ammonium 
sulphate and samples with and without the addition of ammonium 
sulphate but preserved by the addition of 10 c. c. of sulphuric acid. 

A consideration of the results led to the final adoption of the 
following methods: 25 c. c. sample portions of juice were preserved 
by the addition of 10 c. c. of concentrated sulphuric acid. The oxida- 
t.on of the organic matter was carried on later by the addition of 
25 to 35 c. c. of sulphuric acid, 15 gm. of anhydrous sodium sulphate, 
and 0.2 gm. of copper sulphate. 

For phosphoric acid, potash, lime, and magnesia, 300 c. c. of juice 
was placed in a 500 c. c. Erlenmeyer flask and fermented with pure 
yeast culture for 15 to 20 days, when the solution was evaporated 
nearly to dryness. Two hundred cubic centimeters of distilled water 
was added and the solution again inoculated with the yeast culture. 
Fermentation was allowed for 15 days, when the solution was again 
evaporated nearly to dryness. Upon the addition of 40 to 50 c. c. 
of concentrated nitric acid to the solution a strong oxidation took 

Elace of whatever sugar and organic matter remained. Very little 
eat was required to obtain a white ash when the solution ivas 
evaporated to dryness on a porcelain evaporating dish. The ash 
was dissolved in hydrochloric acid and made up to its original 
volume. The volumetric method recommended by the Association 
of Official Agricultural Chemists® was used by phosphoric acid 
determination. Potash was determined by the Lindo-Gladding 
method and lime and magnesia by the McUrudden method or the 
Lundell and Hoffman method indiscriminately. Nitrogen was deter- 
mined in the fresh sample when possible, or else 25 c. c. sample por- 
tions of the juice were preserved with 10 c. c. of concentrated sul- 
phuric acid and tightly stoppered, to be analyzed at a later date. 

REPORT OF THE HORTICULTURIST 

By T. B. McClelland 
PHOTOPERIODISM 

Studies of photoperiodism of beans and sweet potatoes were con- 
tinued. The work has been amplified to include onions and pine- 
apples. Plantings were made at intervals of four weeks or longer. 

* Association or Oitficial Agricultural Chemists, oiticial and tkntativb mbthods 

or analysis. as compiled BT the COMMITTSB on BITISION or MSTHODS. RBTISBD TO 

NOV. 1, 1W9. 417 p., illua Washington, D. C, 1920. 
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Two different treatments were given. The plants in the short-day 
^loup were brought from a darkened room 11 hours prior to sunset; 
for Uie plants in the long-day group the daily light period was pro- 
longed to lSy2 hours after sunrise by fheans of electric lights.^ 
Tliese two periods correspond approximatelv to December and June 
day lengths at this latitude, 18° N. A third group was grown under 
normal light exposure. 

Growth and production of beans were markedly affected by many 
factors other than length of light exposure. In some plantings all 
flfioups did well and in others all did poorly. Notwithstanding this 
variation, the favorable influence of a long light exposure on growth 
was very consistently shown, since in 18 of 20 plantinjgs of the Porto 
Rican white bean the average height under the long day was greater 
than that under either the normal or the short day. The difference in 
height between the long and the short day groups of the 20 plantings 
was 45 per cent. The Porto Rican red bean is strictly a bush variety, 
whereas the Porto Rican white variety, under favorable conditions 
and a long light exposure, develops a long, twining vine. The red 
varietv, however, responded similarly to the longer light exposure, 
though to a less pronounced degree. In 18 of the 20 plantings the 
average height of the long-day group exceeded that of the short-day 
group and in 19 instances that of the normal-day group also. A 
difference of 18 per cent was noted in height between the long and 
the short day groups of the 2K) plantings. 

Figure 3 shows the comparative differences in development at 
one month from planting under the three light exposures, the short- 
day group at the left, the long-day group at the right, and in the 
center the group receiving the normal light exposure from July 29 
to August 29. In this planting the long-day group blossomed one 
day earlier than the normal-day group, which, in' turn, blossomed 
one day earlier than the short-day group. Of 18 comparative plant- 
ings of the Valentine variety, the long-day group exceeded in aver- 
age height the short-day group in 14 instances and the normal-day 
group in every instance. The difference between the long and the 
short day groups of the 18 plantings was 16 per cent. The evidence 
as to the comparative effect of these periods of illumination on seed 
production was inconclusive. In all groups both very poor and very 
good yields were obtained. 

The production of the sweet-potato varieties Key West and Porto 
Rico was not shown to be correlated with the light periods tested. 

Onions were very sensitive to limited variation m length of daily 
light exposure. The varieties tested included White Bermuda, Prize- 
taker, Yellow Globe Danvers,and Silver King (Giant White Tripoli), 
The reaction of the White Bermuda to the mfferences in day lengtn 
was very pronounced. In Figure 4 the plants in the two containers 
^t the left, grown under the short daily light exposure, were still 
in the spring-onion stage, whereas^ their contemporaries in the two 
c entral containers, grown under a normal light exposure (November 
and December, respectively, to May), developed good bulbs, as did 
also the plants shown in the two containers at the right, grown under 

^ Fifty- watt Mazda blue "daylight'* bulbs were used; live of these were set 2^ feet 
■npart in a line. The distance from the electric-light bulb to the soU surface wliere plants 
were grown was not over 5 feet at any point. 
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^i^^ Z^^J^ZJ^M^ ^^ ^*,°f. planted July 29^ and photographed August 29. Cen- 
J;Sr„fr^"?«!rSS;^ ^^^^}J¥^!^ exposure ; left, a slightly shorter than normal ex- 
poiure : and right, an artiflclally protracted exposure, the two Utter Deriods cor- 
responding approximately to Dewm^ber and June^ay lin^hs at tols latitude 




Fio. 4.---Reactlon pt White Bermuda onions to daily light exposure*. Right corre- 
•K"^« W^^n^y to June dar lengths; and lef t to D^SIT day l^^gths at 
h?r il* »^^ nfh2?^^J^SL'*«A^' containers 1, 3, and 5 were planted Noyem- 
Der 14, and the others December 12. Photographed May 1. Plants in the center 
containers Tecehred the norn&al light exposure rinui^ m me cenier 
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the long daily light exposure. The tops of most of the plants in the 
two latter groups had fallen over, an indication of approaching 
maturitv. The plants rarely got beyond the spring-onion stage 
under the short hght exposure. In one lot such plants as remained 
alive at 60 weeks were still in the spring-onion stage. 

Figure 5 shows the development 244 days after planting, of the 
plants from the second, fourth, and sixth containers from the left 
in Figure 4. This shows that while White Bermuda onions may be 
planted for spring onions at any time of the year, bulbs will rarely 
be formed except during the season of longer days. 

The Prizetaker, known for its large bulb formation in temperate 
regions, remained in the spring-onion stage under the short-light 
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FiQ. 5. — White Bermuda onions a« affected by yarjlng lengths of dally light exposure. 
Planted December 12 and photographed Jane 4. Center, grown under normal 
light exposure: left and right, under light exposures corresponding to December 
and June day lengths, respectiTely, at this latitude 

exposure. The majority of the plants of this variety^ under the nor- 
mal and the longer exposures, remained in the spring-onion stage, 
although some were intermediate and a small percentage developed 
bulbs. Their condition 140 and 168 days after planting is shown in 
Figure 6, the short, normal, and long day groups appearing from left 
to right. The vigorous leaf d9veloi)ment and the somewhat swollen 
bases in lieu of typical bulb formation 244 days after planting may 
be seen in Figure 7, the sequence as before. 

Yellow Globe Danvers showed comparatively slight difference in 
development in the three groups, all remaining in or progressing, 
slightly beyond the spring-onion stage. This variety 245 days after 
])lanting is shown in Figure 8. 
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Fio. 6. — Prisetaker oDions 140 and 168 days after planting, with yigorous top 
growth but no bulb formation. Left, short light exposure ; center, normal ; and 
right, long light exposure 




Fig. 7. — Prisetaker onions 244 days after planting (October 17 to June 18). Note 
the absence of typical bulb formation. Left, grown under light ezi)08ure8 corre- 
sponding in length to December ; right, to June days at this latitude ; and Center, 
under normal light exposure 
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The behavior of the variety showed that it is wholly unsuited for 
ibis low latitude. 

Silver King (Giant White Tripoli) under a shprt daily light ex- 
posure developed only to the spring-onion stage, one lot 400 days 
after planting being still spring onions in form. Some of the plants 
m the normal and long day groups when harvested 175 to 246 days 
after planting had developed bulbs, but others had not progressed 
beyond the spring-onion stage. 

This work has shown that at this latitude it is useless to plant cer- 
tain varieties well known for their g6od qualities in higher latitudes, 
as they will not form bulbs under these shorter lignt exposures. 
Others will form bulbs at the season of longer days only, and this 
fact must be taken into consideration in planting. 




Fio. 8. — ^YeUow Globe DanTen onions 246 days after planting. Note the absence of 
typical bulb formation. Left grro^ii under lljfht expoeuree correiipondinff to De- 
cember; center, normal exposure October 17 to June 19; and right, to June day 
lengths at this latitude 

In August, 10 Red Spanish pineapple slips were planted in each 
group. Measurements of the longd^t leaf on each plant 3, 6, and 9 
months after planting, as an inoex of growth, showed an average 
difference between groups never greater than 1.6 inches. In May 
the flush indicative of the approach of blossoming was observed in 
some individuals in both the short and the normal day groups but 
^as not seen in the long-day group until July. The longer daily 
light exposure appeared to have retarded tne blossoming stage, 
tliough the blossoming of the groups overlapped. Further evidence 
on this point is desirable. 

COFFEE 

The fertilizer tests with coffee were continued. To provide for 
further work along this line an extensive coffee planting has been 
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made in units or plats of 10 trees each, ditches separating each plat 
from those adjoining. The performance of the plats will be recorded 
prior to applying fertilizer to learn whether or not they are lacking 
m uniformity. As the field selected was unshaded and protection 
against the sun was necessary, the newly transplanted seedlings m ere 
at first shaded by a section of coconut leaf set in the ground near 
each. To furnish a more lasting shade, Grotcdaria jimcea^ C. stricita, 
and Tephrosia camdida were planted throughout, and cuttings of 
GUriciaia sepiwm and ErythriTia herteroana were closely set. Within 
six months the shade had becdme so dense in places as to require 
thinning, and from then on periodic thinning or lopping. One year 
after planting many Gliricidias had grown as much as 12 feet (fig. 9) 
and this mixed shade was considered as having proved to be highly 
satisfactory. As growth warrants, all save the Gliricidias will h> 




Fig. 9. — QrowUi made by young mixed shade for coffee within a year after planting. 
OHrioidia sepium, Etythrina herteroana, Tephro8ia Candida, and Crotalaria spp. 

removed, the latter being left as permanent shade trees. Cuttings of 
Eryihrina herteroana are recommended for use where shade must be 
rapidly developed, four or five being placed in tent fashion around 
the small coffee trees to be shaded and other cuttings at greater 
distances from them. 

Yields from the 40 plats under test fell little short of those of last 
season, and continued to demonstrate the value of potash in fer- 
tilizer applications to coffee. Contrasting the plats according to 
the kind of fertilizer applied, it was found that each group which 
had received potash either singly or in combination exceeded the 
check in yield, whereas the other three groups receiving nitrogen^ 
acid phosphate, and the two in combination, respectively, but no 

Eotasn, fell below the check. Of the 15 plats of nighest yield, all 
ut 2 had received potash, while 6 had received no nitrogen, and D 
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DO acid phosphate. The plat receiving the maximum application of 
nitrogen and potash in combination had averaged per tree for the 
two preceding years a production equivalent to 2 pounds 16 ounces 
and 2 pounds 13 ounces of dried coffee beans, parchment removed, 
but produced this year 3 pounds 2 ounces per tree. 

The experimental plats on the Lopez plantation at Las Vegas are 
showing some interesting results from fertilization. The present 
fertilizer treatments were begun in 1920. Production records from 
1916 to 1920 showed that the check plat was not inferior to the fer- 
tilized plats. The total yield of the check for the five-year period, 
1921-1925, raised to acre rates, was 606 pounds, whereas an average 
of 1,380 pounds was produced by the fertilized plats. This amounted 
to an annual increase of 155 pounds of coffee per acre. In 1925 the 
check plat yielded at the rate of 100 pounds per acre of coffee with 
the parchment removed, whereas the two plats receiving complete 
fertilizer produced at an average rate of 475 pounds. The fertuizer 
applications were at the annual rate of 225 pounds of ammonium 
sulphate (or its equivalent in sodium nitrate), 300 pounds of acid 
phosphate, and 100 pounds of potassium sulphate. In 1925 the total 
cost of fertilizer at local prices, including transporting, mixing, and 
applying, amounted to about $18. At the prices received for coffee 
during the last several years this fertilization was carried on with 
a fair margin of profit. It is thought that higher proportions of 
potash than were used would have been advantageous. Therefore, 
certain plats heretofore receiving incomplete fertilizer will be given 
a complete mixture high in potash for comparison with the plats 
discussed above. 

Coffee seedlings often develop badly twisted taproots. To deter- 
mine the effect of position of seed m planting on resulting root 
^owth, seeds in lots of 100 each were set in sand flat face up, down, 
and on edge, and radicle up and radicle down. Straight, strong tap- 
roots developed from all positions, showing that position of seed in 
planting had no effect on shape of the resulting taproot. 

Goffea exceUa produced this year its maximum vield to date, an 
average of 3 pounds 2 ounces per tree, 10 years after seeding, or a 
little more than 8 years after being set in the plantation. These trees 
are spaced 12 feet apart, and though in poor red clay and unfertilized, 
they have grown so vigorously as to make closer spacing imprac- 
ticable. One coffee planter whose plantation suffers heavily from 
leaf miner is planting this variety extensively on account of its 
resistance to leaf -miner attack. 

COCONUTS 

After four years of generous applications of fertilizer to the experi- 
mental plats of coconut palms at Corsica, the expected increase in 
production has not followed. The plats receiving complete fertilizer 
are, however, maintaining their yields, whereas the checJk has dropped 
in production. 

For 10 years the station has been conducting a cooperative fer- 
tilizer experiment on the San Jose coconut plantation. The experi- 
ment was begun when the trees were very young. Individual yield 
records now cover six years. For treatment the trees were grouped 
in nine plats of parallel rows of 10 palms each. The record shows 
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very wide variations in yield between individuals of the same .m 
receiving the same treatment and grown under very uniform condi. 
tions of elevation and soil. Some palms have given high yields year 
after year, whereas others equally favorably located have consistently 
produced very low yields. 

Because of the pronounced variation and the very high probable 
error of the average plat yield, the previous treatments were dis- 
continued and the whole planting devoted to the investigation of the 
effect of a single treatment, the application of sodium chloride, the 
new plats running at right angles to the old. Thus, groups were 
formed which previously received similar treatment and differ by 
less than 1 per cent in total yield for the past four years. The im- 
portant point brought out by the individual record is that the inher- 
ited tendency toward light or heavy production in coconuts is a 
matter of paramount importance. Breeding productive strains offers 
promise oi high returns. 

BEANS 

An extensive bean plantinj^ was made in April to compare local and 
imported varieties and strains that have been developed at the sta- 
tion. The black Venezuelan variety continued to show superior 
yielding quality, giving an average yield of more than 10 pounds 
of dried beans per 100-foot row. Guadeloupe Red and Porto Rico 
Red were the earliest of the local varieties, giving an average yield 
of about 1 ounce of snap beans per plant six weeks after planting. 
The earliest of the northern varieties, but a little less advanced 
six weeks after planting than the preceding, were Currie's Rust-proof 
Black Wax, Mohawk, and Extra Early Valentine. The northern 
varieties leading in yield of snap beans seven weeks after planting 
were Early Red Valentine, Mohawk, and Extra Early Valentine. 

The flat, fibrous, and stringy Caribbean varieties are grown for 
snap beans for the local market and should be supplanted by northern 
varieties, such as Valentine bush or Kentucky Wonder pole, which 
yield well and are of superior quality. The local varieties should be 
planted for the production of shelled beans, for whifch they are better 
adapted than the northern kinds. 

REPORT OF THE PLANT BREEDER 

By R. L. Davis 
FIELD CORN 

Records are now available on 27 lines of corn which have been 
twice self -pollinated. These lines have for the most part originated 
from the highest-yielding parent ears obtained from the Penuelas. 
Lajas, and Jayuya districts in 1924 and 1925. Considered in groups, 
the Peiiuelas lines are far superior to the other lines, as was also the 
progeny of the first selfed generation. 

T^e chances of developing a selfed line of corn which shall pro\e 
to be superior to normal corn in prolificacy is very slight with the 
Jayuya lines so far tested. They produced only 116.3 ears per 100 
bearing plants and had less than half the number of two-eared 
plants in adjoining rows of normal open-pollinated corn. The 
chances are good, however, for isolating superior prolific lines from 
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Pinuelas and Lajas corn, for several partly purified lines, selfed 
only two generations, from each district, produced double the num* 
ber of two-eared plants found in normal corn. 

Approximately 1,000 plants have been bagged for self-pollination. 
Tlie self-pollination work was largely concentrated on Castillear-1, 
which has been superior for two seasons in yield and in performance 
of selfed lines. Open-pollinated seed of this pai*ent ear outyielded 
ordinary com by 19 per cent in four replicated plats of CO plants 
each. The outstanding feature of the corn work for 1926 has been 
the splendid performance of Castillear-1-5-1 and Castillear-l~5-2. 
two sister selfed lines from Castillear-1. The aim of this part ot 
the selfing work is to isolate from Castillear-1 other equally vigorous 
lines which shall not be so closely related as are these two, and then* 
to reproduce the superior yield of Castillear-1 by intercrossing. 

In average growth and yields, 100 plants of each of the above- 
mentioned two superior lines were at maturity approximately the 
same as adjoining check rows of open-pollinated corn. Both are 
superior in yield to all other selfed lines. Their leaves are broader 
and greener, and their percentage of diseased plants is less than in 
the average selfed line. The two lines are practically identical in 
prolificacy, one yielding 141 and the other 142 ears per 100 bearing 
plants. 

The prolific tendency in selfed lines as well as vigor of growth 
and yield seem to be strongly correlated in Porto Rican corn. Seveiv 
of the eight of the most prolific selfed lines were also the largest and 
highest-yielding lines. 

Eleven selfed lines of Castillear-1 were superior in yield in the 
second self-generation to all other groups tested, although the supe- 
riority was not so marked as in the first generation. In the second 
generation the Castillear-1 lines averaged 54.5 per cent of the yield 
of the open-pollinated corn, as opposed to 45.4 per cent for seven 
lines from Cacique-1 and 43.5 per cent for seven lines from Vincens- 
Flint-2. If the best yielding selfed line from each group be com- 
pared with bulk open-pollinated corn, the percentage of reduction in 
yield appears to be quite different. If they are compared, however, 
with the yields of the original parent lines, the difference is not 
nearly so marked. Castillear-1-5-2, which yielded 3.1 per cent more 
than bulk open-pollinated com, though apparently not reduced in 
yield, actually yielded only 71 per cent as much as the parent ear, 
and hence the true reduction in yield is 29 per cent. Cacique-l-2--l 
yielded 71.6 per cent as much as bulk corn, but this is only 56.6 per 
cent of the yield for the parent ear and represents a real reduction 
of 44.5 per cent. Vincens-Flint-2-9-1 yielded 59.9 per cent of the 
check, but a comparison with the parent ear shows that the apparent 
reduction of 40.1 per cent is in reality 58.2 per cent. Thus, the 
apparent reductions in yield are —3.1, 28.4, and 40.1 per cent, respec- 
tively, whereas the actual reductions are 29, 44.5, and 58.2 per cent, 
respectively. 

Imported varieties tested include Jala, Salisbury White, and Boone 
County White. Jala, the giant Mexican variety, grew 8 feet high 
and matured in four months, but was only 1 foot taller and two 
weeks later than the native com. Jala was badly attacked by mosaic^ 
This, however, does not explain its very small growth and early 
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maturity since mosaic-free Jala plants did not grow much taller 
than the native com. Salisbury White com from South Africa was 
inferior in growth and shows no promise under Mayaguez conditions. 
Boone County White, reported to have done well in the Philippines, 
has thus far made the most vigorous growth of any of the imported 
varieties tested at Mayaguez. it is attacked by worms, however, the 
ears being more severely damaged than are those of native corn 
growing in the same hills. 

A second season's test of native corn from Barranquitas, Coamo, 
Morovis, Aibonito, and Lares again gives the Barranquitas com first 
place in point of vigorous growth, and this notwithstanding the fact 
that Barranquitas corn grows at elevations approximating 2,500 feet, 
whereas Morovis and Coamo are situated in low altitudes, similar 
to Mayaguez. Vigor of growth was determined by the hill-check 
methoa. The check corn was bulk native seed which came from two 
farms near Yauco. The value of general observations on corn from 
each district is demonstrated in the case of the Barranquitas corn. 
The average more vigorous growth of this corn one month after 
planting indicated that the most vigorous ear-to-row selection would 
be found among corn from Barranquitas. This was found to be the 
case, j)arent ear Barranquitas-22 outranking in size 61 ears from 
five different districts tnree weeks after planting as well as at 
maturity. The longisectional area of all the ears of Barranquitas-22 
was found to be 50 per cent greater than for the check corn. Barran- 

Siitas-22 was not only very prolific, but it also produced longer ears 
an the average. High-yielding parent ears were also found in corn 
collected from Coamo, Aibonito, Lares, and Morovis. The estimated 
yields were based on the longisectional areas because the crop was 
daniaged by hurricane prior to maturity. 

Six hybrids between corn lines that had been selfed through one 
or two generations were tested by interplanting them with bulk 
native corn. Four of the six were superior in yield to the check, the 
superiority in each instance being due to increased prolificacy rather 
than to size of ears. 

MUSKMELONS 

Of eight selected seventh generation hybrids of the native musk- 
melon crossed with Salmon Tint Pollock which were tested for vigor 
of growth, Nos. 3, 5, 6, and 7 gave the most promise. The work 
wras therefore concentrated on these selections. A second plantin<r 
was made in a iplat on which melons previously had been destroyed 
by downy mildew. The hills of each selection were interplanted 
with the varieties Honey Dew and Casaba. Mildew destroyed all 
the vines of Casaba, Honey Dew, and hybrids Nos. 3 and 6. One 
vine of hybrid No. 7 resisted mildew, and 9 of 10 vines of hybrid 
No. 6 resisted mildew and matured fruit. Hybrid No. 6 is segregat- 
ing into long large and small round fruits and is being further tested 
to isolate, ifjpossible, a medium-to-large fruit having the flavor of 
the Salmon Tint Pollock. 

TOMATOES 

* In continuing the work to improve the tomatoes of the island. 
Norton No. 61 was planted in every other row at the station to serve 
as a check. Four of the more promising hybrid selections and the 
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variety Richard Diener were included in the test. The Richard 
Diener was inferior to the check variety in vigor of growth, and the 
leaves of many of the plants died before the Fruit matured, whereas 
the leaves of adjoining check plants remained green and healthy to 
the end. The hybrid selection of New Century crossed with Insular 
Station~245-^l lacked vigor and was discarded. Tomato yields 
were not calculated with the hybrid selections because of the amount 
of segregating present. Reselections were made from New Cen- 
tury X Insular Station No. 113-7-2, New Century X Insular Station 
No. 113-7-1, and Insular Station X Richard Diener No. 1-10-21. 
Of these three lines, the first mentioned seems to be the most vigorous 
and prolific. 

SUGAR CANE 

CULTURAL EXPERIMENTS 

Cultural experiments were continued to determine the best methods 
for propagating cane seedlings. One of the reasons for the marked 
variation m the germination per arrow is the variation in the size 
of the arrows. Counts of composite one-tenth gram samples showed 
that Uba cane averaged 12,590 " seed " ® per arrow, whereas P. O. J. 
2725. S. C. 12/4, and H. 109 ranged from 27,000 to 34,000. Tlie 
number of " seeds " per gram is fairly constant, and the weight of 
fuzz rather than the number of arrows should be used in measuring 
the rate of application in germination flats. About 25 grams of fuzz 
|)er square foot gives a wet layer approximating a quarter of an 
inch in depth, which is satisfactory for Mayaguez conditions. 

Fertilizer (acid phosphate 2 parts, and ammonium sulphate and 
potassium sulphate 1 part each) applied at the rate of 2 grams per 
square foot or germination flat, gave increases of 16 to 29 per cent 
in the stands secured. The fertilized area not only showed increase 
in germination but also in plant growth; this was a third again 
as large as the growth on untreated flats. 

Sealing in air-tight containers with quicklime was found to pre- 
vent loss of viability of seed. The lime was separated from the luzz 
by a layer of paper and was placed loosely in the bottom of the 
container. Fuzz which had been stored with lime 20 days gave a 
28 per cent higher stand four weeks after seeding than did fuzz that 
liad not been so stored. 

The effect of greenhouse conditions on cane seedlings was found 
to be very favorable during the first four months of growth. (Fig^ 
10.) Forty days after planting seedlings that were grown in the 
^^reenhouse were twice the size of those growing in the open under 
the direct rays of the sun. The latter lot, however, suckered more 
freely than did the former. 

In a comparative test made to determine the superiority of trans- 
l)lanting seedlings to flats or pots over letting the plants remain in 
germination flats until time lor transplanting to the field nursery, 
sieedlings that were allowed to remain undisturbed made much 
better growth than did those which were transplanted. (Fig. 11.) 

Results of experiments with different proportions of "cachaza" or 
filter-press cake indicate its undesirabinty as compared with well- 

* The term ** seed " here means the namber of indiyidnal flowers per arrow whether 
fertilised or not. 
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rotted manure for use in the propagation of young cane seedling 
Ihe cachaza stunted growth in both the germination flats and the 
flats used for transplanting. 



BBEEJ91N0 



Approximately 150,000 seedlings were germinated in 1926. Elimi- 
nation was rigorously practiced in the germination flats, and fre- 
guently not over 3 per cent of the seedlings were retained for the 
lield nursery. Most of the seedlings were left in the flats until of au 
age for transplanting to the .field. Seedlings reaching the field 

'/^o'^nnm'^ ^'A^^/^ (^'^^); ^^^ progeny of Crystallina X^S. C. 12/4 
<3,000), and the progeny of P. O. J. 2725 X S. C. 12/4 (500) 




Fio. lO.—SeedlfnfW (Crystallina X S. C. 12/4) 70 days old. Right, grown In the 
hothouse under glass ; left, grown in the open 

REPORT OF THE AGRICULTURIST 

By H. C. Hendricksen 
PINEAPPLE INVESTIGATIONS 

Pineapple growers in Porto Rico are confronted with many prob- 
l^s needing solution. Some of the plants may bloom a few weeks 
after setting but produce fruit of no value; other plants may not 
bloom for two years after setting and then produce small, deformed 
fruit. Again, plants may, under apparently favorable conditions, 
produce fruit that is above or below the average. Results of experi- 
ments have sliown that certain fertUizer ingredients in the soil may 
produce such great differences in the crop as to cause even experi- 
^ced growers to pronounce the fruits of different variety. In cer- 
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tain fields where there is a strong? tendency to produce large fruits 
on thin, brittle stems, very great loss is experienced as the result of 
broken stems. Often isolated areas in some particular field, and 
sometimes the whole field, may fail to produce profitable crops. 
Some of these problems have been solved, at least in part, by means 
of the soil investigations reported upon last year, and fieldis in which 
cr(»ps previously failed now bear profitable ci'ops. Planters who 
availed themselves of the information resulting from the investiga- 
tions are not planting in soils that have been found to be unsuitanle 
for pineapples. The investigations are being continued. 

The work of the year was confined almost exclusively to inorganic 
and biochemical analyses of abnormal plants and normal plants from 
adjacent areas, and plants in which abnormality was produced by 




Fig. 11.— S. C. 12/4 seedlings 66 days old. Right, thinned and left in the gennlna- 
tiou flats ; left, transplanted 

artificial means. The investigations are helping to answer many 
questions of j)ractical importance, but have not advanced sufficiently 
to permit publication of results at this time. 

FRUIT GROWERS' MEETINGS 

The agriculturist held four field meetings during the year for 
citrus and pineapple growers of the fruit section between Rio Piedras 
and Arecibo. Get-together luncheons were given monthly in San 
Juan and attended by 30 to 50 planters. These meetings enable the 
agriculturist to keep in close touch with the fruit growers with little 
i^>ss of time and enort. Records of the meetings were published in 
Tiiimeographed form for distribution among growers whom it would 
)' ' difficult to reach in any other way. 
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REPORT OF THE PLANT PATHOLOGIST 



By C. M. Tucker 
COCONUT BUD ROT 

In November, 1925, a campaign was undertaken for the eradication 
of coconut bud rot, which has become epiphytotic in the proves aloufr 
the western coast of the island. Phytophthora p<dmivora is the 
causal organism of the disease. The eradication work has been under 
the direct supervision of agricultural agents from the insular depait- 
ment of agriculture and has been carried on at Mayaguez, Cabo Kojo» 
Yauco, Aguada, Aguadilla, and Isabela. Diseased groves have been 
located, bud-rot cases diagnosed, and infested palms destroyed by 
felling and burning the leafy crown and bud. The preliminary sur- 
vey revealed 127 infected groves representing 2,608 acres of lana with 
399 active cases of bud *rot ; that is, cases in which the disease is 
considered to be in the right stage for dissemination. Of older ca<^es 
in which all the leaves had fallen, 1,138 were reported. The dis 
tribution of infection in the various districts is shown in Table 1 : 

Table 1. — Results of 1925 survey for the eradication of coconut bud rot 



Section 



Infected 



Total Palms to ] 
area of be de- 



Dead 



Total 
loss in 



Aguada 

Aguadilla... 

Anasco 

Cabo Rojo.. 
Mayaguez.. 



».^.T<.a area ui uo uo- ,^i~^„ ivsa ii 

K^^^«« groves stroyed 1^°^ I palm 



Xumber ' Acres Number Number ; Numba 



29 
5 

20 
31 
42 



789 
51 
317 
695 
756 



113 
20 
61 
81 

124 



88 : 
338 ! 



388 ; 



399 



1,138 1 



199 
lOS 
399 
319 
,'1? 

I,!s3: 



The 399 active cases recorded in Table 1 were destroyed duriiiir 
the early months of 1926. 

Reinspections of infected groves and adjacent properties are made 
necessary by reason of the long incubation period of the disease (3 
to 12 months or more) and are of value in permitting destruction of 
the disease in its early stages. Infected palms become centers of 
infection with the death of the youngest emerging leaf, which is the 
first symptom of bud rot. The first reinspection Avas therefore made 
in April, 1926, and the results are shown in Table 2. 



Table 2. — Results of second inspection for the eradication of coconut bud rot 



Section 



New j Total 

prop- 1 area of 

erties infected 

infected > I property 



Aguada 

Aguadilla... 

Anasco 

Cabo Rojo . 
Isabela*.... 
Mayaguez.. 
Yauco* 



New 
cases <'f 

bud rot 





Acres 




Number 


Number 


8 


300 


3: 


5 


71 


21 


1 


8 


S 








1 


1 


30 


5 


3 


10 


21 


1 


1 


1 


19 


420 


'M 



» All infected trees found on reinspection were destroyed. 

> Appearance of the disease in the Isabela and Yauco sections was noted for the first time. 
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The winters on the western coast are often very dry. The past 
winter was unusually dry. especially in the Cabo Koio region, and 
the drought was not broken until May. This fact probably accounts 
for the appearance of only one new case in the Cabo Rojo region. 

The infected <jjroves and adjacent properties were inspected for the 
third time during the summer of 1926. The results of the survey 
are shown in Table 3. 

I Table 3. — Results of third inspection for the eradication of coconut bud rot 



Section 



Aguada.... 

Anasoo 

Cabo RoJo. 

Isabela 

Mayaguez. 



N«w 


ToUl^ 


New 
cassBof 
bud rot 


prop, 
erties 


ftTMOf 

infected 


inltetad 


property 


Number 


Acra 


Number 





143 


10 








a 








IS 


8 


85 


10 





2 






15 i 



280 



50 



The increase in the number of new cases appearing in the Cabo 
Rojo section began with the opening of the season of frequent rains. 
Of the 50 new cases discovered, 42 were destroyed. The work of 
eradication has not been completed, nor have the results of the third 
survey at Yauco and Aguadilla been received. 

A NEW HOST OF PHTTOPHTHORA PALMIVORA 

Early in 1926 a bud rot of the hat palm {Sabal causiarum) was 
reported from Joyuda, where the palm is grown in a limited area. 
The hat palms are ^own in the coconut groves, and bud rot appeared 
in the two palms m close proximity. The disease symptoms were 
identical on both hosts, and, pending further investigations, the 
eradication measures employed for coconut bud rot were extended 
to include the Sabal bud rot. Isolations from infected petioles of 
dying Sabals gave cultures of a strain of Phytophthora pahriivara 
which was identical morphologically and physiologically with the 
strain obtained from coconut bud rot. Inoculations of unwounded 
coconut palms were made by pouring a water suspension of the 
spores and mycelium of the Sabal strain among the emerging leaves 
of 10 mature palms. After 108 days three cases of typical Dud rot 
had developed, and the remaining seven palms showed spotting of 
the pinnaB due to P. paJmuvora infection. 

The initial survey of the hat palms at Joyuda, which is included 
in the Cabo Rojo section, revealed 19 infected groves containing 214 
acres with 23 active cases of bud rot and 189 recently killed palms. 
The active cases were burned. A reinspection of the same locality in 
August showed 33 new cases. Apparentlythe Sabal is more suscep- 
tible to P. palmivara than is coconut. vVTiether this is due to an 
inherent character of the Sabal or to the sheltered position of the 
shorter Sabals among the coconuts has not been determined 
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SCAB-SESISTANT GRAPEFRUIT 

First-Generation hybrids resulting from crosses of the Diincin 
with the Triumph varieties of grapefruit came of bearing age during 
the vear. The crosses were made in the hope of isolating a cominir- 
cially valuable scab-resistant strain or variety of grapefruit. The 
fruit borne by the hybrids was in every instance heavily scab infected, 
and confirmed the observation of Winston, Bowman, and Bach ^ on 
susceptibility of Rutaceous plants to scab, that "with but few <'x- 
ceptions, citrus hybrids are at least as severely attacked as the most 
susceptible parent." The second-generation hybrids will be watched 
for apparent recessive character for resistance. 

MISCELLANEOUS NOTES 

In an investigation, begun three years ago on vanilla root disease, 
a Fusarium of the Elegans group, which is closely related morpho- 
logically to F, hatataiis^ has been established as the causal organism 
in Porto Rico. 

The pigeon pea is attacked by anthracnose, resulting in spotting of 
the pods and leaves and destruction of the seeds. Infection is most 
serious during periods of heavy rainfall. The causal organism is 
referred to Coltetotrichum cajani and is now first recorded as the 
cause of a pod and seed disease. 

A large part of the year was devoted to investigations facilitating 
the work of identifying Phytophthoras attacking tropical plants. 
Morphological studies were made as well as a study of the reactions 
of the strains on culture media and their pathogenicity to various 
hosts. A large number of cross-inoculations have been made, but 
the results are as yet too incomplete to permit of publication. 

REPORT OF THE PARASITOLOGIST 

By G. DiKMANs 

Much of the work of the year was devoted to studies of hookworm 
development in the latrine and the pollution of the surrounding area^ 
and to determining the value of paradichlorobenzene as an anthel- 
mintic. 

In continuation of investigations begun to determine what animal 
parasites affect domestic animals in Porto Rico, many fowls, includ- 
ing chickens, guinea hens, and some turkeys and ducks, were ex- 
amined. The chickens and guinea hens showed a high rate of 
infestation with roundworms. The chickens in addition sometimes 
harbored numerous tapeworms or small numbers of flukes. Exami- 
nation of a duck revealed the presence of two flukes of the genus 
Prosthogonimus. This parasite was recently reported by Chandler 
and Kotlan as causing a serious disease of chickens in Michigan. 

One of the chief enemies of the poultry industry in PortS Rico is 
the mongoose, which was originally introduced to combat the rat. 
Several of these animals when killed and examined revealed nothing 

•Winston, J. R., Bowman, J. J., and Bach, W. J. rslatitb suscbptibilitt of some 
RUTACBOus PLANTS TO ATTACK BY THE ciTaus-scAB FUNGUS. Jour. AgF. Research 30: 
1087-1093. 1025. 
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of a parasitic nature. Five Acanthocephala were found in one 
mongoose, but owing to their distribution — one in the stomach, two 
in the small intestine, and tw^o in the large intestine — it was thought 
that the worms were parasites of some animals that had been eaten 
by the mongoose ratner than of the mongoose itself. The same 
stomach contained the undigested remnants of either a frog or a 
lizard. 

During the dry season two complaints were received from San 
Juan and Mayaguez, respectively, of infestation of baby chicks with 
tho sticktight flea {Echidnophaga gallinacea,) In both instances 
the chicken yards were located on sandy ground near the seashore. 
The insect probably is widely distributed over the island. Hatchings 
generally are avoided during the rainy season because of the pres- 
ence then of "moquillo" (roup), and if the sticktight flea must 
be combated during the dry season a study of its prevalence and 
distribution will be well worth while. 

A herd of cattle in Lajas was foimd to be rather heavily infested 
with lice. This was surprising, since the presence of lice usually is 
associated with crowded conditions such as prevail in the States dur- 
ing winter stabling. The infested animals are practically never 
indoors. They are turned to pasture after the morning milking and 
allowed to remain until about 3 o'clock, when they are driven to a 
large corral adjacent to an open shed with concrete floor. The ani- 
mals are milked in the shed and left in the corral overnight. The 
lice were found in numbers in the switch of the tail, but on no other 
part of the body. A goat belonging to the agricultural coUejje 
showed a heavy infestation with lice over the whole body. This 
animal also harbored several ticks. 

Examination of skin scrapings from a horse at Guayanilla showed 
the presence of the mite Psaroptes corwrmirm. 

The general health of the station animals was excellent. The 
usual number of foot troubles and digestive disturbances occurred, 
but nothing of a very serious nature. Fecal examination, by the 
Willis flotation method, of all the animals in the dairy herd, as well 
as of several animals from the college herd, showed only sliglit infes- 
tation with animal parasites. 

o 
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REPORT OF THE DIRECTOR 

By D. W. May 

During the fiscal year covered by this report the weather was 
p:enerally favorable to crop production. The rainfall was abundant, 
and there were no severe storms. However, the effect of the hurricane 
which swept over the island in July, 1926, was apparent in the greatly 
lessened yield of coffee. 

Studies were continued with the pineapple, with especial reference 
to its composition, habits of growth, fertilizer requirements, and the 
correlation of plant and soil, to learn, among other things, what com- 
pounds tending to inhibit growth are formed by the plant in the soil 
when rotation is not practiced. 

The coffee groves oi the island have for some years shown a decreas- 
ing production. Yields per tree may be increased by the u.se of 
fertilizers. Jixperiments are being continued to learn what fertilizer 
combination can be made to give the most profitable yield of coffee. 

Studies of nitrogen utilization by cane soils which have been con- 
ducted during the last five years were brought to a close. These 
sought to show the value of leguminous crops in producing nitrogen 
in lieu of the purchase of this most expensive element in fertilizers. 

The substitution of improved methods of propagating carefully 
selected, vigorous seedlings of known parentage and high-sucrose con- 
tent for the old method of sowing seed from arrows that have been 

H425— 21) 1 1 
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selected at random will doubtless contribute toward the progress of 
the local sugar industry. 

Some of the work of the station in plant pathology was done by 
A. S. Muller, of the College of Agriculture of the University of Porto 
Rico, in the absence of the regular station plant pathologist, who 
devoted most of the year to postgraduate work at the University of 
Missouri. The plant troubles of greatest concern at present include 
coconut bud rot, citrus scab, and a disease of citrus which apparently 
attacks the roots of the trees and ultimately causes their death. 

The reports of the parasitologists show that a large number of para- 
sites affect the livestock of the island. Notwithstanding an equable 
climate and an abundance of nutritious grasses during a 12-mon(h 

(growing season every year, there can be no full development of the 
ivestock industry in Porto Rico until the hordes of internal and 
external parasites which prey upon the animals are brought undor 
control or are exterminated. 

REFORESTING 

Forest trees make rather slow growth. Every planter of trees is 
therefore helping in the great work of hastening reiorestation. Usu- 
ally deforested areas have been baked by the sun or leached by the 
rain, or both, and in consequence are poor in natural fertilitv. Such 
areas in Porto Rico are mostly on hillsides that are not aaapted to 
cultivation by machineiy. For the smaller areas, fruit-bearing trees, 
such as the avocado and the orange, may be grown to advantage. 
Such plantings will enable the grower not only to add materially 
to his family food supply but also to market the surplus products. 
For the larger areas mahogany is more promising. Its marketability 
as a native wood of economic value is certain. Results of experiments 
at the station during 20 years show that the mahogany will thrive in 
a great variety of situations. Leguminous nurse crops, preferably 
trees, should have first consideration in the work of reforesting trop- 
ical lands, and can be grown before the main crop is planted, or the 
two crops may be interplanted to their mutual advantage. Where the 
trees have been removed from the land the soil usually is deficient in 
nitrogen, and it is impracticable to purchase nitrogen fertilizers in a 
scheme of planting for long-deferred returns. 

The adaptability of many leguminous trees to certain regions as 
nurse crops for forest plantings has been demonstrated. The trees 
include Acacia sp. ; Prosopis juUjlora, the pods of which furnish a large 
amount of palatable feed for stock; Cassia sp.; Gliricidia sepium: 
and Erythrina sp. Both G, sepium and Erythrina sp. can be propa- 
gated from cuttings and from seed. Some of the leguminous trees 
can be cut for use as charcoal when their service as nurse crop is no 
longer needed. 

Oil-Bearixg Trees 

Aleurites moluccana, which was early introduced into Porto Rico, 
A.Jordii, or wood-oil trees of China, and J., trisperma do well on cut- 
over areas. A. trisperma was introduced by the station from the 
Philippines and apparently is the most productive of the three species. 
All tnree produce hard-drying oils which are suitable for lacquer 
making, and should be grown on a commercial scale in Porto Rico. 

Table 1 gives the constants of the oil of the three species, obtained 
by different methods of separation. 
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Table 1. — Comparative conatanis of the oil of three upecies of Aleuriles 



DetorniinHtioii 



OU of 
A.fordii^ I 



Oil of 
A. molitc- 



Oil of 
A.tmpef' 
tM (8«ed)» 



OiltiT 
A. trutoer- 
ma (whole 

860(1)* 



Average index of refrHctioii. l.fi(JK.'j 1.47:. 1.4929 !.4tti7 

SlM»clfic gravity . ,»4in .9270 .1080 .9383 

Aiidnnmber 4.00(K) , 2.2IKKI 4.40»» 7. IWHl 

Sipouification number... 19'2.U000 19-.\3:)00 194.0000 190aXK) 

I.Hllne number* (<) (*) IM 

Iodine number* lf»7.80(K) 102.00)0 164.2000 IflO. 5000 

Tung oil heat test* . (•) O) (') (M 



' Tung oil or Chinese-wood oil. 

• Lumbang oil or caodlenut oil. 

»Soft lumbang oil. "Seed" refers to the kernel iiloiio; "wholo seed" reft»rs to the shell and the kernel. 

* Hanus method. Unsatisfactory 

* nubl method. 

• Browne method. Finn, crumbly jelly In 10 minutes. 
■ Browne method. Negative. 

A manufacturer of tung oil, in a letter to the station, comments as 
follows on the oil from A. trisperma: 

Two samples of the oil were received. One was crushed from the seed and 
one from the whole seed; the former, of course, being lighter in color. Both, 
however, were of a light amber color, somewhat paler than the commercial grades 
of lumbang or tung oil obtainable in the market. The odor of each was similar, 
strongly resembling that of tung oil. In body they also resembled tung oil, being 
rather viscous. 

When the "soft lumbang " oil was spread on glass it dried in 34 hours to an 
opaque, crystalline film, resembling the film that is produced by raw tung oil. 
When 10 per cent of lead-manganese drier was added to the '*8oft lumbang" 
oil a perfectly clear, firm film was obtained on glass in 14 hours. This result 
indicated that the oil could be used without heat treatment in the same manner 
as linseed oil in the manufacture of paints. This result differentiates the oil from 
tung oil, which is very difficult to use without heat treatment if perfectly clear 
and hard films are desired. 

A small amount of the oil was exposed to the air and sunlight in a partially 
filled test tube for a period of one week. At the end of that time, an opaque, 
crinkled mass, light in color, was shown. This mass was removed from the tube, 
lipon pressure it readily granulated to a meal resembling the meal formed by 
crushing heat polymerized tung oil. This peculiar physical condition would 
suggest its use as a filler for inlaid linoleum. 

It was found that the granular mass referred to above is of a different nature 
than the mass formed by heat polymerization of tung oil. Granulated polymer- 
ized tung oil is practically insoluble in all solvents and even little affected by 
boiling caustic soda. The mealy mass from the *'soft lumbang" oil was found 
to be readily soluble in caustic soda (10 per cent solution) with the formation of 
u clear soap. It was also found somewhat soluble in boiling alcohol. 

**Soft lumbang" oil, like true lumbang oil, is not affected by heat as is tung 
oil, and does not polymerize when brought to 280° C. and held at that tempera- 
ture for a period of even 15 minutes. During this process, however, the oil 
becomes viscous (bodied) and apparently is well suited to use in the manufacture 
of varnishes. Experiments were made in the production of a varnish with " soft 
lumbang " oil on the same formula used in the manufacture of a tung oil varnish. 
For this purpose there was used with both oils a percentage of linseed oil and 
rosin with lead as the drier and mineral spirits as the thinner. Both oils were 
treated in the same fashion. The tung oil varnish had better body and slightly 
more rapid drying properties than the "soft lumbang" varnish. Both gave 
very waterproof films. . 

Stimulation of the production of " soft lumbang " oil in both the Phihppines 
and Porto Rico should result in available quantities of this oil for use in the 
United States. Its properties make it most desirable for use in the paint and 
varnish industry. 
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FARM-BUILDINGS MATERIALS 

Although the solid structures of the North are not required to house 
livestock in Porto Rico, where the climate is tropical, some kind of 
building is necessary. Milking sheds are required where dairying is 
practiced, and stables must be provided to house j^oung stock durinor 
their early life and in rainy weather. Farm buildmgs are uncommon 
in Porto Rico, the native timbers are scarce, and building material is 
expensive. The lumber which is now used locally is imported from 
the States at high cost, and bricks, which were made on the island in 
the earlier days, are no longer used because of the high cost of tlio 
fuel needed in burning. 

In seeking for an available material that will prove to be suitable 
for building purposes, the station carried out a series of experiments 
with soft limestone, or coral deposit, locally known as *'tosca." 
(Fig. 1.) This material is found in extensive east-and-west deposits 




Fi(i. 1.— House l»uilt of soft limestone, or coral doix)sit, locally known as "tosca" 

on both the north and south slopes of the island. These deposits at 
one time formed the bed of the sea, and on the north side jut out in 
jagged hills. Exposure to air causes the surface of tosca to harden, 
but after the crust is broken the material can readily be cut with a 
spade. Tosca is used as a road-surfacing material, as a ballast for rail- 
road tracks, and as a fertilizer where lime is needed. Table 2 gives 
the composition of two samples of tosca, one from Aguadilla, on the 
west coast, and the other from Quebradillas, on the north side. 

Table 2. — Composition of two samples of tosca 



From 



From 



Agua.iin« «J»t;^ 

a 1 J -w /...^s Per cent Percent 

Sand and silica (Si Oj) 147 519 

Lime(CaO). IH: ^3:70 50:^- 

Magnesium (MgO) _ . ^7 7: 

Ferric oxide (FeaOs) "" "se iiif' 

Loss on ignition : 43.39 41.7:' 
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Tosca when mixed in various proportions with cement was found 
to set quickly and to harden. A mixture as lean as 20 parts tosca to 
1 part cement will harden sufficiently for wall building. The pro- 
portion of 10 to I was found by test to possess two-thirds the hard- 
ness of concrete. Tosca is vitreous, does not crack when dicing, 
and therefore does not need to be reinforced with iron. The surface 
of the combination for use as floors may be further hardened with 
water glass, or such other chemicals as are used to harden concrete. 
Tosca mixes easily with cement and can be poured as readily as 
concrete. The availabihty and cheapness of tosca should lead to its 
extended use. It is delivered by railway to the station at $1.50 per 
cubic meter. 

Adobe, or sun-dried bricks with straw as binder, may be used as 
a building material in the drier parts of the island, and pis6 de terre, 
(>r rammed earth, for wall building where the rainfall is more abundant. 
Kammed-earth construction is durable, can be done by unskilled labor, 




Fig. 2.— IIousc built of pis6 de terre or rammeii earth 

or by the builder in his spare moments, and enables the smallest 
landowner to erect his own home. 

At the station, where the annual rainfall is about 75 inches, the 
house shown in Figure 2 was built on a concrete foundation and the 
walls were brushed with tar. The walls were rammed between 2-inch 
board casings which were well braced to keep them from spreading. 
The door and window frames were made of 2-inch material and placed 
when the building w^as of the proper height. The earth was then 
rammed at the sides and on top. With a little experience the builder 
can soon learn w^hat amount of moisture is needed for the most 
efficient tamping. When the layer is done the earth gives off a ringing 
sound under the rammer. 

FORAGE CROPS 

Leguminous plants which produce an abundant supply of palatable 
and nutritious forage and at the same time increase the nitrogen con- 
tent of the soil should be given first consideration when feed is to be 
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grown for livestock. Every grower should learn what legumes will 
grow successfully in any system of rotation he may practice and 
whether these same legumes will be relished by the stock on his farm. 
Legumes should not only be adapted to the soil and climatic condi- 
tions in which they are grown, but they should also be able to hold 
their own successfully, with the minimum cost of cultivation, with 
tropical rank-growing grasses competing with them. Clovers, for 
example, should not be grown in regions of heavy rainfall. They arc 
slow m starting and therefore are soon smothered out by grasses and 
weeds unless given frequent cultivation, which is an unprofitable 
practice. 

The cowpea thrives in Porto Rico and should be more generally 
grown than it is at present. The vines make excellent stock feed, 
and the peas, large quantities of which are imported from the States, 
can be used for human consumption. Some of the vast areas of idle 
lands throughout the island might well be devoted to the crop. 

The soy bean is destined to become one of the important forage 
and food crops of Porto Rico. Sov beans improve the soil and fur- 
nish a larger variety of food products than does almost any other 
single vegetable. For the successful growing of this crop suitable 
nitrogen-fixing bacteria are necessary. If they are not already pres- 
ent in the soil, inoculation must be resorted to. Results of experi- 
ments at the station show that the soy bean makes its best growth 
when the seed is inoculated before being planted. The plant grows 
more rapidly than does the cowpea, matures earlier, and is less Tikel} 
to be attacked by insect pests. 

The velvet bean has been found by the station to be a most valu- 
able forage and green-manure crop for general planting. The plant 
adapts itself to a wide range of soils in Porto Rico and is of easy 
cultivation. After the plant starts it will hold its own, climbing 
over grasses and weeds. Providing the vines with supports promotes 
seed production. Corn and sunflowers can be used for this purpose. 
Velvet beans should be planted at the last cultivation, of the corn 
and sunflowers and may also be profitably planted in the stubble 
remaining after each crop of elephant grass and Guatemala grass is 
cut. 

Uba cane is beginning to be grown for forage in Porto Rico. It 
ratoons well, tillers profusely, and is a very heavy yielder. A well- 
balanced green ration may be obtained by interplanting Uba cane 
with velvet beans at each cutting. 

CATTLE 

Any excellence characterizing th6 native cattle is due mainly to the 
mild, equable climate and the nutritious grasses of the island. The 
animals are better than might be expected where selection in breeding 
and concerted efl*orts to improve them for specific purposes have been 
neglected. The cattle have been largely employed as draft animals, 
either in plowing the land or in hauling cane to the mills, and although 
they have all but been driven from the highways by the autotruck, some 
are still used in the cane fields. Improvement of the native cattle 
can best be brought about by crossing them with introduced breeds. 
Crossbreeding should be directed principally toward improvement in 
size, vigor, and early maturity for the purpose of increasing strength 
in the male and quality and quantity of milk in the female. 
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Within recent years practically every breed of dairy cattle has been 
brought into Porto Rico. Given good grass and clean water, they 
Imve in the main done well. The short-haired breeds have beeh the 
ii ftst infested with ticks. Very fine progeny, showing improved con-* 
formation, early maturity, ana increased milk production, have been 
developed by crossing Milking Shorthorns with the native cattle. 
Results of experiments in breeding at the station and elsewhere 
on the island show that of the imported cattle the Milking Shorthorn 
sire is the best for use where improvement in milk yield, strength, and 
conformation is sought. The breed is gentle, and even the males 
may be safely yoked and kept in inctosures having a minimum 
amount of fencing. 

For dairy purposes, the Guernsey seems to be best adapted for 
improving the native cattle. Guernseys are similar in type to the 
native cattle, being stocky and strong, transmit their milking qualities 
to a high degree, and acclimate readily. In milk yields the cross- 
breds show steady improvement over the native cattle, the average 
yield of third-generation animals at the station having been increased 
by more than 70 per cent over their granddams. 

That dairying should be developed to supply dairy products, espe- 
cially milk, for local needs, is shown by the fact that in 1926 the island 
imported from the States 4,383,371 pounds of powdered and condensed 
milk, 4,387,896 pounds of cheese, and 593,883 pounds of butter. 

THE BANANA 

The banana as an important plant of economic value is not fully 
appreciated by the people of Porto Rico. Plantation owners have 
never considered the banana as a money crop, and individual labor- 
(M's on the plantations have grown the fruit largely for the purpose 
of increasing their food supply. No attempt has been made to solve 
the market problems of the fruit or to learn how the plant can best 
be propagated to increase yields. The fruit is in demand on the local 
markets the year around and should be grown on a commercial scale 
for profitable shipping to the markets of the mainland. 

The banana is of easy culture and is readily propagated from 
suckers. Shading the ground by the plants reduces cultivation to 
the minimum. The plant responds to fertilizer and is not easily 
injured by applications in excess of actual needs. Fertilizers may be 
applied about the plant, or in small amounts in the axils of the leaves 
whence they are carried by the rains down the stems to the roots. 
The banana grows rapidly and for a large plant matures quickly. 
To make its best development it must receive the proper kind and 
amount of plant food and be provided with good drainage. Analyses 
of the banana plant at the station showed that of the three fertilizing 
elements nitrogen, phosphorus, and potash, potash is found in unusu- 
ally large percentages. The percentages varied in the different varie- 
ties. Cfigante (Gros Michel) was found to contain 2.89 per cent potash 
in the dry matter; Manzano (Apple), 1.8 per cent; Senorita (Lady 
Finger), 3.7 per cent; Morado (Red), 4.02 percent; Chamaluco (cook- 
ing), 1.83 per cent; and Enano (Cavendishii), 12.17 per cent. 

There was a striking relation between the potash content in the 
above-mentioned varieties and their freedom from disease. Enano, 
for example, which contained the largest percentage of potash, was 
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immune to fungus diseaf^s which attacked the other varieties in vary- 
ing intensities, whereas Chamahico, which contained the smallest pei- 
reiitHgo oi potash, was readily attacked by disease and completely 
wJj^ed out after a short time. Experiments at the station also showed 
^that banana plants which received heavy applications of potash con- 
tinued to grow from new suckers, w hereas plants which were denied 
this element readily succumbed to disease. Successful culture of tho 
banana would seem therefore to depend upon the growling of vigorous 
varieties showing a high degree of resistance to disease, the amount 
and kind of fertilizer given the plant, and good drainage. 

REPORT OF THE ASSISTANT CHEMIST 

By J. O. Caruero 

MANAGEMENT OF CANE SOILS 

Studies on nitrogen utilization by cane soils were brought to a close 
during the year. A r^sum^ of the work follows: 

Until recently no attention was paid to the necessity of returning 
to the soils the fertilizing elements extracted from it by crops. 
This fact was impressed upon cane growers and other planters in 
late years by contrasting the constantly decreasing yields, complete 
failures during abnormal years, and the necessity of having to replant 
after two or at most four ratoon crops, with the higher yields and the 
freedom from necessity of replanting until after harvesting 8 to 10 
fine ratoon crops in the same fields in earlier years. It thus became 
a common practice to increase yields by applying commercial fertil- 
izers, either singly or in combination, to the soil, but little consider- 
ation has been given to the possibility of obtaining some of th(^ 
essential elements from less expensive sources, such as from a better 
use of the refuse and stubble remaining on the field after harvesting. 

Growers of cane in Porto Rico ought to be especially interested in 
the problem of economic and efficient fertilization, for of the fertiliz- 
ing elements added to the soil, only lime is prepared on the island. 
The others are brought in from the outside, thus making their use 
costly. 

In cane fields burning of trash and tops is commonly practiced after 
the crop is cut, and in places where labor is high burning is done even 
before the crop is cut. Burning may be labor-saving, but it is waste- 
ful of nitrogen and organic matter, two of the most important soil 
constituents. From 50 to 70 per cent of the nitrogen which is extracted 
from the soil by cane crops is found to be in the tops and the trash, 
and smaller amounts are found in the juice and bagasse. The nitro- 
gen in the bagasse is lost when it is burnt, whereas part of the nitrogen 
of the juice can be recovered and returned to the soil on clarification 
of the juice. The largest share of the nitrogen taken up by the crop 
is lost when the tops and trash are burnt. Experiments at the station 
were, therefore, planned to learn whether part of this nitrogen could 
be recovered and in addition the organic matter content of the soil 
increased by returning the tops and the trash to the soil. 

The experiments were made on thirty-six ^^^75-acre plats where the 
ground is level and the composition is fairly uniform. The plats were 
treated with phosphoric acid and potash at the rate of 60 pounds per 
acre. Half the area was limed and the other half unlimed. In the 
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iirst series, 12 plats, G limed and unliined, received no nitrogen. In 
4 of these the trash and tops were burnt, and in 2 of the 4 green 
manure was used. In the other 8 plats the tops and trash were 
either plowed under or used as a mulch. In 4 of these 8 plats green 
manure was used every time cane was planted. In the second series 
of 6 limed and 6 unlimed plats, sodium nitrate was applied to 8 to 
furnish nitrogen at the rate of (>() pounds per acre, and to the other 
4 at the rate of 30 pounds per acre. These 12 plats were treated like 
the no-nitrogen plats with respect to the trash, tops, and green manure. 
In the third series, 12 plats received nitrogen at the same rate as the 
sodium nitnate plats, but in the form of ammonium sulphate, and 
were treated like the no-nitrogen plats with respect to the trash, tops, 
and green manure. 

Plowing under of tops, trash, and green manure afforded little 
change for the better for the plant cane crop in the no-nitrogen limed 
section, but proved to be beneficial in the unlimed section. The first 
ratoon crop gave a complete reversal of this result, the limed section 
show ing decided gains over both the unlimed section and plats where 
trash was burnt. In sections where nitrogen was applied either as 
sodium nitrate or ammonium sulphate no change w as observed favor- 
able to plowing under of tops, trash, and green manure. The yields 
for the limed and unlimed plats were the same, and no noticeable 
difference was observed between the plats on which the trash was 
burnt and those on which plowing under or nmlching was practiced. 
The treatment failed to make the yields of the half-nitrogen plats 
equal the yields of the full-nitrogen plats. However, a comparison 
of the first ratoon crops showed that the yields from the no-nitrogen 
limed plats on which the trash and the tops were plowed under or 
used as mulch nearly equaled the yield from the half-nitrogen plats 
receiving sodium nitrate or ammonium sulphate, whereas the yic'ld 
from the unlimed no-nitrogen section was considerably lower. Thus 
the gain from the employment of trash, tops, and green manure was 
made by the no-nitrogen crop, especially the limed section. 

Analyses of samples of the juice were next made for total solids, 
sucrose content, and purity to find the effect of the treatments on 
juice quality. Only 60 per cent of the cane weight as juice was 
extracted by the mill. Examination showed a tendency toward 
slightly lower total solids and a more pronounced lowering of the 
sucrose content for plats receiving ammonium sulphate dressing, 
though this was not so large where green manure had been used and 
where half-nitrogen applications had been made. The first ratoons 
did not do as well as the plant cane. The no-nitrogen plats had the 
highest total solids and sucrose contents, with the sodium nitrate 
plats ranking a close second. The juice of cane from these plats was 
apparently unafl*ected in quality by the various treatments given the 
plats. 

Samples of juices from plant cane from plats on which the tops and 
the trash had been plowed under were found to have a higher nitro- 
gen content than samples from plats where burning had been practiced. 
The juices were apparently unaffected by the presence or absence of 
lime. The same tendency was observed regarding the phosphoric acid 
and potash contents, the samples of juice from plats on which trash 
had been plowed under having the higher percentage. These results 
\vere shown by the no-nitrogen and nitrate plats, whereas smaller gains 

14425 
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with the highest mineral content were shown by the ammonia plats. 
Samples of juices from the first ratoon crop showed loss in mineral 
content when compared with samples from the plant cane. However, 
the losses shown by juices from the no-nitrogen plats were smallc r 
than thdse shown by the nitrate and ammonia plats, so that first 
ratoon juices from no-nitrogen plats had the highest mineral content, 
those from ammonia plats ranking a close second, and nitrate plats 
last. 

Trash and tops gave a reversal of the results shown by the juices, 
for the first ratoon crop had a higher mineral content than the plant- 
cane crop. Trash ana tops from plats on which trash and tops had 
been either plowed under or used as a mulch had a higher mineral 
content than did that from plats on which burning had been practiced, 
but the effect was greater for the no-nitrogen than for the nitrogen- 
fertilized plats. At the same time, the nitrogen content of the trash 
and tops from the no-nitrogen mulched plats was higher than from 
plats where burning had been practiced, and the same was true for 
the nitrogen-fertilized plats, though these gains were smaller than 
those shown in the former case. As for nitrogen, the content in the 
leaves and trash from mulched plats is higher than that from plats 
where burning was practiced, whether the plats were nitrogen ferti- 
lized or not. However, the gains shown by no-nitrogen plats were 
higher than those shown by the nitrogen-fertilized plats. This extra 
gain in nitrogen content for the no-nitrogen plats together with their 
gain in tonnage made the nitrogen recovery of the first ratoon crop 
decidedly low. 

Examination of samples of soil from the different plats at the 
beginning and again at the close of the experiment showed a slight 
change toward neutrality in the limed no-nitrogen section, but no 
change in the unlimed section. The sodium nitrate plats remained 
the same, whereas of the ammonium sulphate plats the limed section 
showed a slight gain toward acidity and the unlimed section no pro- 
nounced gains. All plats on which the trash and tops had been burned, 
whether Timed or unlimed and with or without applications of nitro- 
gen, showed losses in nitrogen and carbon content. Sections on which 
the trash had been burned and treated with green manure but given 
no nitrogen showed gains in carbon, whereas sections receiving also 
nitrogen showed losses in carbon and nitrogen. Sections on which 
the trash had been plowed under or used as a mulch showed decided 
gains in carbon. This was true especially of the no-nitrogen and 
nitrate plats. The gains shown by the ammonia plats were smaller. 
The plats with no-nitrogen or sodium nitrate dressings were more or 
less constant in nitrogen content, whereas those receiving ammonium 
sulphate showed a loss throughout. This loss was unexpected, for 
the constant nitrogen content of the no-nitrogen and the sodium- 
nitrate plats was to be expected, as a decrease or an increase of at 
least 0.01 per cent in nitrogen content of the soil would have to occur 
before it can be detected by ordinary analysis and before it can be 
called remarkable. Such a change means that a gain or a loss of 200 
pounds of nitrogen per acre would have had to be made by the plats. 
The plats under discussion were given only two green manure dressings 
and some in addition received nothing, others a total of 120 pounds, 
the rest 60 pounds of nitrogen as sodium nitrate or as amonium 
sulphate in two dressings. 
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From additional side experiments it was learned that the green tops 
rapidly decompose in the soil and that decomposition is greatly has- 
tened by addition of lime. The dried trash decomposed more slowly 
than the green tops, but again decomposition was hastened by the 
addition of lime. Decomposition of the dried trash is slow at first 
but goes forward so rapidly later as nearly to parallel the rate of the 
preen tops. However, neither green tops nor dried trash showed the 
rate of decomposition made by the green manure (velvet beans) used 
in this experiment. 

REPORT OF THE HORTICULTURIST 

By T. B. McClelland 

PHOTOPERIODISM 

Studies of the photoperiodism of various economic plants were 
continued. The shorter light exposure was slightly in excess of 11 
hours prior to December, at which time it was reduced hy 1 hour. 
The longer exposure was slightly in excess of 13^ hours until Decem- 
ber, when it was extended l}/^ hours. 

The varieties of onions tested, including White Bermuda, Prizetaker, 
Yellow^ Globe Danvers, and Giant White Tripoli, failed to develop 
bulbs under either of the shorter light exposures. Under both the 
13j^-hour and the 15-hour daily light exposures the White Bermuda 
onions quickly formed bulbs and passed into the resting stage. The 
Prizetaker variety under both the normal and the ISj^-hour daily light 
exposures developed chiefly spring onions, but under the 15-hour 
exposure formed good bulbs. The Yellow Globe Danvers showed 
comparatively slight difference in its development under the 11-hour, 
the normal, and the 133^^-hour daily light exposures, remaining in, or 
developing slightly beyond, the spring-onion stage, but formed good 
bulbs under a 15-hour exposure. The Giant White Tripoli formed 
some bulbs under both the normal and the 13j/^-hour daily light 
exposures, but showed a more uniformly normal bulb development 
under the 15-hour exposure. This evidence readily explains the lack 
of adaptability of certain varieties of onions of the Temperate Zone 
to tropical conditions. 

Little difference in growth in the first nine months was noted for 
pineapples under the 11 and 133^ hour daily light exposures. Sub- 
sequent observations showed that the longer period was the more 
favorable for vegetative development, blossoming being delayed and 
much larger fruits forming than under either the normal or the short 
daily light exposures. The plants were left undisturbed after fruiting 
for the production of a second crop from suckers. Under the 15-hour 
daily light exposure many of the older leaves remained turgid and 
^reen and continued to function in contrast with leaves of similar age 
and position, which had either dried or were wilting on the plants 
receiving the normal and the 10-hour exposures. Blossoming was 
again much retarded by the longer daily light exposure. 

The varieties of white potatoes tested included Red Bliss, Lookout 
Momitain, and Irish Cobbler. While on the whole the shorter daily 
light exposure favored tuber formation and the longer exposure 
favored top growth, the varieties differed considerably in the degree 
to which they reacted; Red Bliss proving to be the least and Lookout 
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Mountain the most sensitive. Under a 15-hour daily li^ht exposure 
Lookout Mountain developed an extraordinary amount of top growth 
and practically no tubers, whereas under the lO-hour exposure the top 
growth was much less and tuber formation fair. 

Several varieties of corn were grown imder both a normal and a 
15-hour daily light period, it being impracticable to handle this crop 
under a shortened light exposure. Porto Rican corn was planted 
January 26 in a garden plat which was illuminated by 40-watt clear 
glass electric light bulbs set 6J^ feet apart in rows 5 feet apart. The 
lights were placed at a distance of 3 feet above the soil surface and 
raised from time to time as growth of the corn warranted. Two 
months after being planted the corn receiving artificial illumination 
was taller than the check, but not tasseling, whereas the check was 
beginning to tassel. The first tassels appeared on the artificiallv 
lighted corn 17 days later, when all the normal check plants had fin- 
ished tasseling and nearly all were silking. Although the artificially 
lighted plants grew much taller than the check plants the latter weroj 
higher in percentage of large, well-filled ears and in total production. 
For this tropical strttin of corn the lengthened daily light exposure 
favored vegetative development, whereas the shorter light exposures 
were more conducive to fruiting. 

Young coffee plants when kept for seven months under the lO-hour 
and the 15-hour daily light exposures showed no pronounced dift'erence 
in growth due to difference in light exposures. The plants produced 
small, virescent flowers under the shorter light exposure, but devel- 
oped no normal flowers in either group within the seven months. 

COFFEE 

The fertilizer tests with coffee w ere satisfactorily continued, and a 
bulletin embodying the results of the work to 1925 was issued.' 
Changes were made in the basal formulas used on certain plats at the 
L6pez plantation at Las Vegas. Results of experiments having dem- 
onstrated the superiority of complete fertilizer over nitrogen alone, 
the plats heretofore receiving the latter were given this year a com- 
plete fertilizer high in potash for comparison with plats receiving: 
nitrogen, phosphoric acid, and potash in approximately equal amount:^. 
At present prices of coft'ee and fertilizer, the latter mixture, which has 
been applied to the Lopez plats for some years, is producing a hand- 
some profit on the investment in fertilizer. Plats of young coffee for 
testing the most favorable nitrogen-potash ratio are making fair 
growth, and a few of the trees are already carrying their first crop 

Scions which were taken from an Arabian tree of notably high yield 
through a long period of years were grafted on Excelsa seedlings to 
test the effect of this vigorous stock in increasing the yield of Arabian 
coffee. To the same end Arabian seedlings were inarched on Excelsa 
seedlings. Each Arabian individual on its own root will be grown 
alongside the scion which is being topworked on the Excelsa root 
The hurricane which visited Porto Rico in July, 1926, greatly reduced 
the coffee crop at the station and elsewhere on the island. The cof- 
fee trees in some of the plats were injured so severely as to necessitate 
termination of the work on them. Due presumably to adverse 
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weather conditions, the hurricane in July being followed by a severe 
drought in the winter, the crop is practically a failure in some of the 
experimental plantings. 

(rliricidia f^epium has proved (o be highly satisfactory in the station 
plantings as a shade for coffee, and cuttings are being distributed to 
local planters. The cuttings strike root readily, and growth from 
both cuttings and seed is rapid. 

COCONUTS 

The coconut fertilizer work was continued without change. Appli- 
cations of common salt to coconut trees in the Harvey plantation 
wore begun in May, 1926, but the experiment has not as yet pro- 
p:ressed sufficiently to learn the effect on production. For the year 
ended December, 1926, the treated trees produced on the average 
68.5 nuts, whereas the check (untreated) trees led with an average 
production of 72.9 nuts. At Coi*sica the plats maintained or improved 
their yields when potash was included m the fertilizer combmation 
and dropped in production when potash was omitted. The two 
plats receiving complete fertilizer were higher in yield for the year 1926 
than the check and the two plats from which potash was omitted. 

MANGOES 

The Cambodiana mango is a polyembryonic variety which trans- 
mits its characteristics to many ot its seedlings. The several seedlings 
from a number of seeds of the 1919 crop were separated and classified 
from each seed individually as to size to learn whether initial vigor or 
size is an indication of hybrid origin. Fourteen of these trees fruited 
for the first time during the year. Of these, 4 had been ranked as 
firsts, 4 as seconds, and 6 as thirds in vigor. One which had been 
ranked as a second showed hybrid origin, and the other 13 conformed 
to type. The former differed from type in being of smaller size, in 
having a pinker, thicker, tougher skin, a different aroma and flavor, 
firmer flesh, and much more abundant fiber. Along with these differ- 
ences there were points of similarity clearly indicating its derivation 
from Cambodiana. The larger seedling from the same seed has not 
yet fruited. The results of the present season show that the largest 
soedling from a polyembryonic mango may fail to give evidence of 
hybrid origin, whereas a seedling other than the largest nmy give such 
evidence. 

AVOCADOS 

Additional grafted (luatemalan avocado trees were planted at the 
station. There are now 24 grafted varieties, mostly Guatemalan, at 
the station. It is believed that some of these varieties will be of 
great importance in lengthening the season in which avocados are to 
he had, which is now limited to a period of approximately five months. 

ONCOBA ECHINATA 

Twenty-five plants of Oncoba echinata, S. P. I. 55465, were sent to 
the station for trial in May, 1923. They produced their first fruits in 
a little over three years after being planted and are now fruiting freely. 
The plants have grown rapidly and vigorouslv in ordinary heavy red 
clay soil and apparently are well adapted to local conditions. 
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TARO. DASHEEN, AND YAM 

In plantings of the Penang taro, an increase in the size of cormels 
used as seed pieces failed to produce a corresponding increase in yield. 
C/ormels weighing from loss than 2 ounces to 6 or more ounces were 

1)lanted ip four groups according to weight. The first size gave the 
leavieet and the second size the lightest yield. On account of its 
superior table quality and pronounced difference in this respect from 
any of the taros grown in Porto Kico in the past, the Penang taro is 
a desirable variety for the home garden. The station is attempting; 
to establish the variety locally as a garden crop. The importation 
and testing of a new food crop is a simple matter, but its establishment 
in the gardens of the people is much more difficult. As a means of 
disseminating the Penang taro in Porto Rico the station placed a man 
along the roadside to describe the new vegetable to small farmers who 
were returning to the country. Samples, together with small cormels 
forplanting, were also offered. 

THie lower-yielding varieties of dasheen, with the exception of Ven- 
tura, S. P. I. 47003, have been eliminated from the station plantings. 
Ventura produces very large handsome tubers, but is a comparatively 
low yielder, averaging per hill, for the last crop, 33/3 pounds of cornis 
and tubers of a size suitable for table use in comparison with approx- 
imately 5 pounds from each of the other varieties. 

The collection of imported yams at the station has been reduced 
to a few high-yielding varieties. Of the imported varieties, Sealtop 
ranked highest in the crop of the year, with an average per hill of 3 

Sounds 15 ounces, and Purple Ceylon lowest, with an average per 
ill of 2 pounds 11 ounces. The local varieties gave a much lower 
average production, Guinea, the standard local yam, ranking highest, 
with 1 pound 9 ounces per hill, and Mapuey Morado lowest, with i) 
ounces per hill. 

REPORT OF THE PLANT BREEDER 

By R. L. Davis 

FIELD CORN 

No well-established variety of corn which has been introduced into 
Porto Rico has thus far equaled the native corn in yield. Boone 
County White, an Indiana corn which grows well in the Philippine 
Islands, is commercially valueless in Porto Rico; Cuban Yellow, h 
small flint corn which yields satisfactorily in Hawaii, has failed com- 
pletely, and Hickory King, a corn from Missouri which is reported 
to have done well in South Africa, was not worthy of a second year's 
trial. Thus, corn which is bred in other parts of the world can be 
relied upon to do well in Hawaii, the Philippines, and in South Africa, 
but must be developed locally to be successful in Porto Rico. 

Crosses were made between a common open-pollinated variety of 
native corn and 27 lines of corn originating from high-yielding Porto 
Rican parent ears. These lines had only been self-pollinated twice, 
but it was thought that the best lines for additional selfing could be 
determined by comparing the yields of the hybrids with the yields of 
a common pollinator. Most of the hybrids were expected to equal 
and a few slightly to exceed in yield the ordinary native corn, which 
was used as the pollen parent. The results were very encouraging. 
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The average yield of the 27 hybrids was approximately 20 per cent 
(rreater than that of the check variety or pollen parent. Taken as a 
w hole, the ears of the hybrids had very sound grain, and were much 
freer from mold and from worm injury than the ears of the check. 
The hybrid plants were sturdy and lodged less frequently than did 
those of the check variety. 

SWEET CORN 

While practically all of the vegetables that grow in the Temperate 
Zone can be and are grown in Porto Rico, no variety of sweet corn 
has as yet been found to 
he adapted to island con- 
ditions. Northern sweet 
corn makes very weak 
<:rowth and usually pro- 
duces small ears which 
are so severely attacked 
hy worms as to be 
scarcely worth harvest- 
ing. Ureen corn is used 
t^xtensively by the na- 
tives but is gathered from 
the common field corn 
and is frequently tough 
and unpalatable. 

The station has been 
fortunate in securing 
some native sweet-corn 
seed which has every 
appearance of desirable 
quality. It originated 
from seed which was sup- 
plied by the station to 
S. W. Marvin of Villalba 
in 1925 and is the result 
of four seasons' selection 
work from a sport which 
was found growing in 
native field corn. This 
strain of sweet corn is 
known as Mayaguez-1. 
The ears are about 6 
inches long and are not 
severely attacked bv 
worms. The kernels 
vary in, color from light 




Fio. S.^Mayaguez-l sweet-coin seedllogs 30 dasrs after the seed 
. was planted. It is 2 feet high and free from worm injury 



yellow to light pink and are deeply shrunken and elongated like those 
of the Country Gentleman variety of sweet com. In early CTOwth 
the plants are vigorous and similar to those of the native field corn, 
but at maturity they are somewhat smaller than the latter. 

Figure 3 shows typical seedlings of Mayaguez-1 which at 30 days 
after planting averaged 2 feet in height and were comparatively free 
from woim injury. Seedlings of Country Gentleman and other sweet- 
corn varieties from the North at a corresponding age are not so high 
and invariably are riddled by worms. Figure 4 shows a typical mature 



16 



1»<)UT0 HUT) AGlUClU.TrnAli KXPEHIMENT STATION 



plant of Mayaguez-1 which measured 73 inches to the base of the tassol 
and wa<i without worm injury. Sweet corn from imported seed usually 
li^rows 4 feet or less in height. Black Mexican does not average more 
than 2.J or 3 feet tall at Mayairucz. Mayaguez-1 was developed largely 
from the big sweet-corn ear shown in the upper i-ow left, in Figure 5. 
This is the third season of selection for kernel type and freedom from 
worm injury. 

sue; AR CANE BREKDINCi 

The goal of the sugar-cane breeder's ambition should be to develo|) 
improved varieties which will supplant the old. In Porto Kico and 

a number of other cane- 
growing countries seedlings 
are commonly propagated 
from arrows which have 
been selected at random and 
no consistent attempt is 
made to select the paternal 
parent. The best sugar-pro- 
ducing varieties in the East 
and the West Indies are, 
however, all of hybrid origin 
and indicate the eflSciency 
of controlling both mah* 
and female parentage. 

During the period 1918- 
1924, inclusive, some 40,000 
seedlings of unknow^n pater- 
nal parentage were propa- 
gated at the station and 
planted in the field. Of 
this number not one superior 
variety w orthy of commer- 
cial testing was developed. 
In 1925 approximately 5,000 
seedlings of S. C. 12/4 were 
propagated and planted in 
the field. Of these only one 
has, during the 1927 season, 
given a tonnage that justi- 
fies additional testing of the 
hybrid. An examination of 
the records of hybrids of 
known parentage, made 
through the cooperation of 
the Fajardo Central at Fa- 
jardo, Porto Rico, in 1925, showed that of a lot of 350 seedhngs of 
P. O. J. 2725 pollinated by S. C. 12/4, 45 were saved for a second 
yearns trial, and of these, 10 at present are worthy of preliminary 
commercial testing. 

The results of the first season's efforts at hybridizing at Mayaguez 
considerably exceeded expectations. A vigorous, drought-resistant 
hybrid, the result of crossing P. O. J. 2725 and S. C. 12/4 is shown in 
Figure 6. 




Fig. 4— a vigorous typical plant of Mayagiiez-1 which 
measured 73 inches to base of tassel and was free from 
worm injury 
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-Mtiyagnez-1 was Irtrgely developed fn)m the Inrgo car in the upper row, extreme loft. Notice 
ils sound Krain JiS {'oniparod wilh that of Itie lower row cars which wore discarded 




Fig. 6.— Vigorous, drought-resistant hybrid seedling of P. O. J. 2725X8. C. 12/4. Mayague£-7 on the 
right has at 4 months made double the growth of D. H. 10/12 on the left. B. II. 10/12 is suffering 
from drought, whereas Mayaguez-7 is green and healthy 
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Mayaguez-7 on the right has at 4 months made double the growth 
of B. H. 10/12 on the left. The latter suffered somewhat from the 
drought, whereas Mayaguez-7 remained green and in good condition. 
P. O. J. 2725 was crossed with S. C. 12/4 in the hope of developing a 
variety which would prove to be commercially resistant to the mosaic 
disease and give a tonnage production equal to that of P. O. J. 272o, 
but lack its early arrowing habit. Onljr one or two hybrids were ex- 
pected to show these desirable combinations,- whereas seven have 
resisted all efforts to infect them with the mosaic disease, and have 
grown as tall as or taller than P. O. J. 2725 and arrowed later. 

The following are descriptions of some of the best of the hybrids : 

Mayaguez-25 is resistant to mosaic disease, geriniDates rapidly, grows tailor 
than r. O. J. 2725, yields a cane of good girth, and sheds its leaves freely. In 
a hand mill test this cane analyzed 17 per cent sucrose and a purity of 87.6 per 
cent. Under tests which were carried on in cooperation with the South Porto 
Rico Sugar Co., at Aftasco, Mayaguez-25 outgrew B. H. 10/12, with which it 
was interplanted. Growth of the first ratoon from the original stool was very 
good. The principal drawbacks to Mayaguez-25 are its medium-to-low per- 
centage of sucrose and its reclining habit of growth. 

Mayaguez-14 is resistant to the mosaic disease, produces larger canes than 
does Mayaguez-26, and grows very tall. In length of sugar-producing cane it 
exceeded the growth of P. O. J. 2725 by 3 to 4 feet at Mayaguez. Mayaguez-14 
also sheds its leaves freely and stands erect. It is slightly lower in sucro.sc 
content than Mayaguez-25, and the ratoon from the first stool was not promising. 
Mayaguez-14 is somewhat later in arrowing than the parent P. O. J. 2725. 

Mayaguez-3 is resistant to tlie mosaic disease, equals Mayaguez-25 in sucrose 
content, and exceeds both Mayaguez-25 and Mayaguez-14 in tonnage. Under 
irrigation at Anasco, Mayaguez-3 was outstandingly superior to B. H. 10/12 in 
yield of cane. The girth of cane is good and the leaves are shed freely. The 
cane remains erect and is not attacked by borer. Additional study is needed 
on the ratooning power of this hybrid before it can be recommended for general 
planting. Mayaguez-3 has not arrowed during the two seasons it was under 
test at Mayaguez. 

Mayaguez-28 is resistant to the mosaic disease, makes a growth which is not 
quite equal to that of P. O. J. 2725, but has splendid ratooning power and appears 
to have a richer juice than either parent. In a hand-mill test this cane analyzed 
at 11 months (February, 1926) 21.98 per cent sucrose and a purity of 92.7 per 
cent. The leaves are healthy in appearance like those of P. 0« J. 2725 and tbe 
hybrid apparently withstands drought equally well. Although Mayaguez-2S 
arrows early, it produces a rich juice which justifies further testing of the hybrid 
under varied conditions. 

Several other hybrids afford good breeding material, or may be 
worthy of a trial in short-season regions, such as in Louisiana and in 
Argentina. Mayaguez-11 gives a good conalnercial sucrose and closes 
in so rapidly as- to require very little cultivation. The canes are of 
good girth and tiller well. At 8 to 10 months this hybrid considerably 
exceeded the growth of B. H. 10/12 under irrigation at Aflasco. 
Mayaguez-11 reached its maximum growth at tnis time and B. H. 
10/12 has since outgrown it. The ratooning power of Mayaguez-11 
is not known and the hybrid is not very resistarit to the mosaic disease. 
Mayaguez-5, which produces small canes that exceed -P. O. J. 2725 
and B. H. 10/12 in growth and resist the mosaic disease, is promising. 
It is not known whether Mayaguez-5 can compete with Ubaj but it 
ratoons well, has canes of larger girth than the latter, and sheds its 
leaves freely. 
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REPORT OF THE AGRICULTURIST 

By n. C". Henrk'kskn 

PINEAPPLE INVBSTliiATIONS 

During the past two years an intensive study has been made of 
the pineapple plant to solve the various problems having a bearing 
on the industry in Porto Rico. Plants which were functioning nor- 
mally, as indicated by outward appearances, were compared with 
plants showing abnormality of some kind. The plant tissues were 
then carefully studied in order to determine the cause of these differ- 
ences, and recommendations based on the findings were made to and 
adopted by some of the planters at once. The investigations thus 
far have proved to be of immediate value to the local pineapple 
industry.^ 

CoMPAKiftON Based Upon Outward Appearances 

LEAF AREA 

The leaf area of the Red Spanish variety permits accurately com- 
paring the size of one plant with that of another. A normal plant of 
desirable strain, which has been grown on suitable soil and under 
favorable climatic conditions on the coastal plains, has a leaf area 
approximating 1 sauare foot for each month of growth, not including 
the outer witherea leaves or the inner small ones. For example, a 
plant of standard size 8 months old should have 25 to 30 leaves aver- 
aging in length 35 to 40 inches and in width 234 to 2^ inches at a 
short distance above the base. A plant which falls considerably short 
in these dimensions when grown under the conditions mentioned may 
be considered undersized. 

SPININEBS OF LEAVER 

The edges of the leaves of the Red Spanish variety are somewhat 
spinose and the spines are smaller in number and in size on some of 
the plants than on others. However, slips from plants having spiny- 
(^dged leaves may produce leaves that are nearlv smooth edged, and, 
conversely, slips from plants having smooth-edged leaves may pro- 
duce leaves that are extremely spiny. These variations have been 
found to be controlled by varying the food and water supply of the 
plants. When the supply of both food and water is ample the leaves 
are usually smooth edged. A shortage of either food or water is 
likely to result in spine formation as long as the shortage lasts. It 
is not unusual, therefore, to find plants bearing leaves which are spiny 
edged in part interspersed with sections that are smooth ed!gea. 
Some idea of the past growing conditions of the plant can be formed 
from the spine formation, just as growth periods of a tree can be 
determined from the rings in the trunk. 

*The results have been published for general dissemination in mimeographed numbers of Agricul* 
tural Notes, available copies of which may be had upon application to the director of the station. 
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COLOR OF LKAVER 

The color of the leaves is one of the most important factors for 
detecting abnormality in a plant. The leaves of a normal plant arc 
always dark green, tinged with bronze up to the time the plant 
blooms. A light green, yellowish, reddish, or nearly white color 
denotes various stages of abnormality during the growing period. 
The leaves usually turn rather pale green at the time the plant fruits, 
but not sufficiently so to make it impossible to distinguish between 
vigorous and less vigorous plants. 

SIZK OF STALK 

The plant stalk serves as a reservoir for such plant food as is to be 
used by the fruit, and must be above a certain size by the time the 
plant is ready to bloom to produce fruit of nornuil size. Extensive 
weight and measurement data show that a stalk 2}/^ inches in cir- 
cumference, 7J^ inches in length, and one-half kilogram in weight 
will, under favorable conditions, produce fruit of maximum size, 
whereas a small stalk weighing, say, 350 grams is likely to fail to do 
so. On the other hand, an extremely large and heavy stalk may 
produce a small fruit, w^hich shows that size of stalk is not the only 
limiting factor in fruit formation. 

Nl'MHKU AND SlZK OK HOOTS 

The root system of the pineapple plant is governed by the physical 
condition and chemical composition of the soil in which the plant 
grows and also by the number and kind of predaceous insects and 
parasites present. In well-drained and well-aerated soil the roots arc 
usually stout and are sparingly branched but thickly covered with 
root hairs. A root system which is very difl'erent from the kind just 
described may be considered to be abnormal. 

The number of roots present is not an infallible indication of the 
state of normality. However, corrective measures should be sought 
when a large plant is practically wanting in roots or when frayed or 
decayed root stumps are in evidence. 

SIZE OF FIiriT AND FRUIT STKM 

The sizci of the fruit is governed by the size of the newly formed 
bloom and by the development of the fruit after blooming is over. 
Size of the newly formed bloom depends largely upon size of the plant 
stalk, and development of the fruit after blooming is over depends 
upon growing conditions during fruit formation. The Red Spanish 
pinea|)ple is usually cone shaped, although it may be nearly cylindri- 
cal. The eyes are arranged in uniform rows from apex to base. The 
directions of the rows deviate about 30° from the perpendicular. On 
the cone-shaped fruit the eyes at the base are larger than those at 
the apex, and the number of the circumference is 1 3 regardless of 
whether the count is made at the apex or base and regardless of the 
diameter of the fruit. They vary on the line from base to crown 
as follows: Size 12, 8 and 9 in alternate rows, sizes 16 and 18, 7 and 
8 in alternate rows, and sizes 24 and 30, 6 and 7 in alternate rows, 
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lessening in the same scale with the still smaller sizes. This rule 
applies very closely for the cone-shaped types, but less so for the 
short, stubby types. 

The diameter of the fruit stem is of considerable practical impor- 
tance, for a thin stem is likely to break, rendering the fruit unfit for 
marketing. The thickness of the fruit stem is determined at the 
time the plant blooms. The portion of the plant stalk developing 
into fruit stem does not enlarge in diameter by subsequent gi^owth. 
The planter should therefore grow vigorous plants of a desirable strain 
in order to avoid loss of fruit on account of weak fruit stems. 

Some Causes of Outward Discernible Differences in the Pineapi'Le 

Plant 

Such factors as moisture content, reaction of the sap, carbohydrates, 
l)roteins, enzymes, and inorganic matter in the leaf must be studied 
for a determination of the causes of outward discernible differences 
in the pineapple plant. 

WATER content 

Any difference in the water content of the leaves of normal plants 
andlhe leaves of abnormal plants depends uj)()n the cause of abnor- 
mality. In a normal leaf the approximate water content is 91 per 
cent in the white-leaf base, 85 per cent in the middle section, and 80 
per cent in the section adjoining the apex. When growth is excep- 
tionally vigorous, as in plants the heart of which has been burned out 
by inorganic salts, the water content of the middle section of the leaf 
may range from 92 to 94 per cent. These percentages are also com- 
mon for edemaceous growth, s'lch as is produced when the plant is 
treated with potassium nitrate. On the other hand, leaves of reddish 
color and of leathery appearance, due to destruction of some of the 
roots of the plant, often have a water content of less than 80 per cent. 
However, a chlorotic condition due to unsuitable soil conditions is not 
necessarily accompanied by a water shortage in the tissue of the plant. 
As a general rule, dry tissue is correlated with a high pH of the sap 
and a high protein-carbohydrate ratio, both of which factors indicate 
abnormality in the young leaf. 

REACTION OK SAP 

In the leaves of normal plants the pH of the sap is usually (i to ().3 
in the middle section, higher toward the apex, and lower toward the 
base. In young, vigorous growth the pH is practically always lower 
than in the mature leaves. Likewise, the pH is generally much 
lower in the leaves of plants of vigorous growth than in the leaves 
of plants that are somewhat dormant or senescent. For example, 
a pH of 5 was observed in extremely vigorous growth as compared 
with a pH of 6.8 in the reddish leathery leaves of a highly senescent 
plant. 

CARBOHYDRATES 

The total carbohydrates in the leaves which are hydrolysable by 
1 per cent hydrochloric acid, vary according to vigor of growth. For 
example, the carbohydrate content is about 13 per cent in the young 
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leaves of very vigorous plants, whereas it is about 30 per cent in red- 
dish, leathery leaves, and may be as high as 40 per cent in typically 
chlorotic leaves, all calculated on the dry matter basis. 

The distribution of the various sugars also is interesting. The 
leaves of normal plants contain about 0.5 per cent monosaccharido- 
hexoses, calculated on the fresh tissue, whereas leaves which are red, 
leathery, or chlorotic contain over 1 per cent. In the latter caso, 
the leaves contain about three times as much monosaccharide-pentose 
sugar as the former. 

The content of polysaccharides, which are hydrolysable by 1 per 
cent hydrochloric acid, is higher in the young, vigorous growth than 
in the more mature leaves, indicating that more of the cellulose is 
hydrolysable in the immature tissue. Of significance also is the dif- 
ference in kind (rf hexoses present. The normal leaves contain a grent 
deal of starch, whereas the chlorotic leaves contain but little. On the 
other hand, the latter are considerably higher in mucilaginous products 
than the former, which indicates that starch formation is inhibited in 
the chlorotic leaf and explains why there is a greater amount of gum 
formation in the latter case than in the former. 

The difference in gum formation is further emphasized by the con- 
tent of pentosans in the two kinds of tissue. Normal leaves examined 
contained only 0.36 per cent pentoses, or the corresponding amount 
of pentosans calculated on the fresh tissue, whereas chlorotic leaves 
contained over 1.08 per cent. 

PROTEINS 

The protein content of the leaves of normal and abnormal plants 
generally varies in inverse proportion to the carbohydrate content. 
A nprmal leaf usually contains about 6 per cent protein, calculated 
on the weight of the dry matter. This percentage may fall to 4 per 
cent in the leaves of senescent and chlorotic plants, and it may rise 
to 13 per cent in the young leaves of very vigorous plants. In the 
latter case the protein-carbohydrate ratio is often as low as 1, whereas 
in the former case it may be as high as 10 or more. 

From the data at hand it appears that as long as the protein con- 
tent nearly equals the carbohydrate content, the plant will make ven 
vigorous growth. Mature leaves are in about normal condition when 
the carbohydrate content is three to four times as high as the protein 
content, but the plant begins to show signs of dormancy or senescence 
when the carbohydrate content of the leaves is five to six times as 
high as the protein, and it is either in a very advanced stage of senes- 
cence or is very chlorotic when there are 8 to 10 parts carbohydrate 
to 1 part protein. A high protein-carbohydrate ratio is always corre- 
lated with a low chlorophyll, and a high reducing-sugar content is 
correlated with a high anthocyanin content. 

ENZYMES 

Peroxidase is present in all parts of the pineapple plant, but the 
difference in content between an abnormal and a normal plant is 
small, and the results are not very consistent. 

Oxidase is present in such minute quantities as to make its deter- 
mination difficult and its importance negligible. 

Cataktse, — The leaves of normal plants contain three to four times 
as much catalase as do red and chlorotic leaves, and the results of 
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catalase determinations are consistent, thus offering a possible means 
of distinguishing normal from abnormal plants. 

Reductase, — Nitrates are readily reduced by the leaf tissue of normal 
plants, whereas there is practically no reducing action by the leaf 
tissue of chlorotic plants. This fact offers a possible explanation for 
the difference in nitrate content between normal and chlorotic leaves. 
In the latter, nitrates are abundantly present throughout, whereas in 
the former the nitrates disappear at a few inches above the white base. 

Diastase. — The diastase content of abnormal leaves does not differ 
consistently from that of normal leaves. Therefore its determination 
is valueless in studying the cause of abnormality in the pineapple plant. 
The diastase content of the leaf increases with its age. Mature leaves 
usually contain twice as much diastase at the time the plant is fruiting 
as they did several months earlier. Likewise, young, vigorously 
growing leaves usually contain only one-third or one-fourth as much 
diastase as they have several months later. 

Effect of Fertilizer Elements on the Pineapple Plant 
nitrogen 

The color of the leaf and the structure of its tissue are very much 
affected by the form and the combination of the nitrogen applied to 
the plant in fertilizers. When ammonium sulphate is used tne leaves 
are normal in color and structure, whereas when either sodium or 
potassium nitrate is used the plant shows abnormalities. This differ- 
ence is not due to a preference by the plant for ammonia, for results 
of pot experiments with sterile sand show that nitrogen is absorbed 
by the plant in the form of nitric acid rather than in the form of 
ammonia. However, on field soils where ammonia readily nitrifies 
and the resulting nitric acid combines with bases, nitrogen in the form 
of ammonia must be used. Since nitrate-nitrogen is preferred by the 
plant it would seem reasonable to suppose that the plant would 
benefit from fertilizer applications contaming potassium nitrate, but 
this is not so. The leaves produced by such plants are edemaceous, 
shiny green, crooked, and twisted, and the fruit is usually of sugar-loaf 
shape and of pale color. Frequently no slips are formed, but when 
present they are few, small, and gnarled. 

POTASSIUM 

Potassium in considerable quantity is absolutely necessary for nor- 
mal plant growth. Potassium sulphate is a suitable combination for 
pineapple fertilizers. 

SODIUM 

As has been stated, sodium nitrate is not desirable in fertilizers for 
pineapples. The plants utilize sodium especially when there is a short- 
age of potassium in the soil, but the physiological effect is not desirable. 
Sodium produces senescence of the tissue, inhibits normal formation 
of chlorophyll, and usually prevents the formation of anthocyanin, a 
pigment which is natural to the Red Spanish variety. 

CALCIUM 

Like sodium, calcium may be used to replace potassium in ferti- 
lizers for pineapple plants, but the effect is undesirable. When the 
plants are treated with large amounts of calcium salts and small 
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amounts of potassium salts they will be found to contain these elements 
in proportion to the application, and the leaves at an early stage of 
development will become spotted with white and brown. 

PHOSPHORUS 

The pineapple plant needs very little phosphorus for tissue buildino; 
In field experiments plants which were fertilized with anunonium sul- 
phate and potassium sulphate and with very little or no phosphorus 
invariably were larger, more vigorous, and of better color than plants 
receiving an additional application of the latter. Similar results 
were obtained in pot experiments in which the plants were found to 
contain phosphorus in proportion to the amount applied. Phos- 
phorus is effective in causing early maturity of the leaf tissue. The 
leaves of plants which are fertilized w^th generous amounts of phos- 
phate begin to look old much sooner than do the leaves of plants receiv- 
ing little or no phosphate. That the former actually behave like old 
leaves is provable by tests for nitrates, catalase, carbohydrates, and 
proteins. 

SULPHUR 

Since the various fertilizer elements in combination with sulphuric 
acid are uniformly suitable for the pineapple plant, and since sulphur 
is one of the most suitable products for rectifying certain soil defects 
as well as for controlling nematodes attacking the plant, the question 
of using sulphur in pineapple growing is of considerable importance. 
Plants which are fertilized with sulphates contain more sulphur than 
do plants which are grown without it, but the content of the tissue 
indicates that the need is amply met when the plant is treated wnth 
ammonium sulphate and potassium sulphate. In other words, the 
element sulphur is not needed when sulphates are used in the ferti- 
lizer unless the soil is very alkaline, or the colloidal matter is defloc- 
culated, or nematodes are present in large numbers. 

Practical Results 

During the past two years over 100 soil samples were examined at 
the station and reported upon. As a result of the investigations 
many of the soils which were found to be unsuitable for pineapples 
now bear profitable crops. 

Sulphur when used in large quantities to check the ravages of nema- 
todes in two fields gave satisfactory results in one and greatly improved 
conditions in the other. The results indicate the value of sulphur for 
nematode control in pineapple fields. 

Methods of measurement were formulated permitting accurate com- 
parison of the various kinds of abnormality usually found in field- 
grown plants. Determination of nitrates and catalase in the leaf tis- 
sues, for example, reveals some abnormalities that are not perceptible 
to the unaided eye. 

With the knowledge gleaned from the investigations it is possible to 
answer many questions of practical importance regarding pineapple 
growing in Porto Rico. Two questions still awaiting answer relate 
to the control of time of fruiting and of maturing of the fruit and to 
the potential difference between different plants, 
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REPORT OF THE PLANT PATHOLOGIST 

By r. M. Tt (KKR 
STIJDIB8 OP THK GENUS PIIYTOPHTHOKA 

The plant patholocrist was on leave of absence in the United States 
during: most of the year covered by this report. The collection of 
Phytophthoras has been considerably aupnented and now contains 
about 125 strains representing nearly all the pri?icipal hosts of this 
important ^enus. Studies on the morphology, physioloiry, and patho- 
genicity of the strains are bein^: continued. Inoculations of a number 
of host plants indicate that some species are able to infect a wide 
range of host plants, whereas others are very restricted in this ability. 
Observations on the ability of strains to withstand winter conditions 
ill the Temperate Zone show a correlation between oospore production 
and power to survive winter conditions. Further data will have to 
be obtained in this regard, however, before definite ccmclusions can 
be drawn. 

Examinations of oatmeal agar cultures which were kept out of doors 
(luring the winter at Columbia, Mo., revealed the presence of oogonia 
and oospores in two strains of Fhytopfithora jxthnirora. This is be- 
lieved to be the first record of the occurrence of sexual spores in pure 
cultures of the species. Previous workers obtained oospores in mixed 
cultures only and considered the strains heterothallic. 

Continued observations of coconut palms v. hich were inoculated 
with a strain of P. palmirora isolated from Sabal cari.9iarum have 
definitely established its pathogenicity. Inoculations of 10 un- 
wounded coconut palms from 15 to 20 years old resulted in the death 
of 8 palms showing symptoms typical of bud rot. I^arallel inocula- 
tions of an equal number of coconut palms with a strain of P. palmi- 
rora isolated from a diseased coconut palm resulted in the death 
of 5 palms. The observations were continued 14 months after 
inoculation. 

As a control measure the eradication of coconuts and Sabals 
infected by ))ud rot was continued under the supervision of agricul- 
tural agents from the insular department of agriculture. A number of 
new cases appeared during the fall of 1926. The increase was attrib- 
uted to injuries which w^re received by the bud tissues during the hur- 
ricane of July, 1926, which enabled the fungus to reach the growing 
point very readily. Normally, the fungus must penetrate several leaf 
sheaths before reaching the growing point. Cracks in the sheaths in 
severe storms enable the fungus to penetrate directly. 

Bryophyllum pinnatwn and the avocado {Persea gratimima) are two 
new hosts of the genus Phytophthora in Porto Rico. On the former 
host the fungus attacks the leaves, causing water-soaked areas which 
finally blacken and rot. The fungus spreads from the leaves to the 
stems. The host is not of economic importance, and the fungus is 
being tested for pathogenicity to other plants. 

The avocado Phytophthora was isolated from the roots of a young 
dying tree. The tree had been in an unhealthy condition for several 
months. The foliage was scanty, small, and of light green color. The 
leaves w ere wilting, and most of the roots were black and dead at the 
time the tree was removed. The blackening was so conspicuous as 
to suggest association with the chestnut ink disease of France and Italy. 
In some cases infection had occurred near the tips of the roots and 
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caused them to die back. In other cases lesions appeared on the bark 
at any point. The cortical and cambial tissues were destroyed, but 
the discoloration did not extend deeply into the wood. There was 
no infection of the crown or of the lower part of the trunk such as 
accompanies foot rot of citrus and the chestnut ink disease. 

Nonseptate mycelium was seen in sections of recently infected tis- 
sue, but could not be isolated in culture media because of the presence 
of a Fusafium which outgrew the other organisms. The Phytoph- 
thora was finally isolated in pure culture by inoculating apples with 
particles of the infected tissue. The Phytophthora produced a decay 
of the apple tissue much like the decay caused by P. cactorum and was 
readily isolated from it. No inoculations have as yet been made with 
the organism. One month after the removal of the avocado treo 
mentioned above, a young avocado tree which was growing at a dis- 
tance of about 25 feet from it began to show similar symptoms. 

CITRUS ROOT DISEASE • 

A. S. Muller of the local agricultural college was temporarily 
employed to make a survey of the citrus region along the north coast 
of the island with special attention to the root disease which has 
assumed considerable importance at Garrochales, Palo Alto, Manati, 
and Palo Seco. At Garrochales the branches were dying back, the 
foliage was scant and of pale green or yellowish color, and there was 
more or less severe crown rot. Occasional cases of heart rot were 
observed. In some of the groves the diseased trees had rotted roots. 
These were brown and firm on the surface and the decay had extended 
into the wood. In some cases the disease extended as a heart rot 
from the roots into the crown and the trunk of the trees. Diseased 
trees were usually found growing in rather close proximity, giving the 
impression that the trouble was spreading from them to healthy 
trees. Disease was not found to be associated with certain soil types 
or with moisture conditions. In one grove the dying trees were more 
numerous where growth was good than where growth had been 
checked by a shallow soil. At Palo Alto there was considerable dying 
back and root decay, but in over half the cases examined the crown 
remained normal. At Palo Seco numerous trees were observed to be 
dying in a heavy loam soil. In one grove which is partly marshy, 
there were no fewer cases of disease in the drier than in the wetter 

Eart. Die-back of branches and rotting of roots was observed, but 
eart rot or gumming at the crown did not always occur. 
The disease attacks trees on light, sandy soils, and also on heavy 
loams. Groves which are comparatively dry throughout the year as 
well as those on which water stands for considerable periods have 
lost trees showing the same symptoms — die-back of branches, scant 
foliage, yellowing, and root decay, with presence or absence of heart 
or crown rot. Grapefruit trees up to 20 years old have died. In some 
cases young trees which were used as replants following the removal 
of dead trees have succumbed. The information at hand concerning 
the nature of the stocks on which the diseased trees were budded is 
too meager to permit drawing conclusions as to the relative suscep- 
tibility of stocks. 

Isolations from dying-back branches yielded in all cases a fungus 
closely resembling CoUetotrichum glceosporioides. Young twigs in incip- 
ient stages of dying back were used as sources of material for isolations. 
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Diseased root tissue was selected at the union of diseased and 
healthy tissue and when plated in agar produced colonies of Fusariuin 
in every case. Bacteria accompanied the fungus in a few instances. 
Isolations from diseased roots from each part of the region where the 
disease occurs resulted in cultures of a Fusariura, and the strains 
obtained from the different places are apparently identical. No evi« 
(Icnce that the Fusarium is pathogenic has been obtained, but further 
investigations on the question are being carried on. 

REPORT OF THE PARASITOLOGIST 

By G. DiKMANS* 
GENERAL SURVEY 

The work in parasitology was begun in 1924. Examination of 
domestic animals during the period 1924-1926 revealed the presence 
of nematodes, Haemonchus contorius, U. simxLiSy Osteriagia ostertagi, 
Bunostomum pMebotomum, Cooperia sp., (Esophagostomum radiaium, 
Trichuris ovis, CapUlaria sp., Syngamus laryngeus, and Didyocavltis 
sp., in cattle; Syngamus laryngetis, Hsemonchus contortuSy and (Eaopha' 
gostomum columhianum, in goats; Crassisoma urosubvlatum, Hyostron- 
gylus ruhidus, (EsopJiagostomum dentdturriy 0, longicavdum, Ascaris 
himbricoides, and Arduenna strongyliruiy in pigs: TetrameresfissispinuSy 
Subvlura strongylinay Ascaridia lineata, Heterakis papillosa, Capillaria 
aanvlata, and Cheilospirura Immvlosay in chifckens; Heterakis brevi* 
spicvlum, Dispharagus spiralis^ Ascaridia numidsey and Subvlura 
strongylinay in guinea hens; Subvlura brumptiy in turkeys; Ancylos- 
tomum sp. in the cat; and A. caninuniyAscaridse&p.y and TricKuris 
iepressiuscvluSy in the dog. Trematodes, Fasciola hepaticay were found 
in cattle; Posthormostomum commutatumy in chickens; Prosthogonimus 
sp., in the duck, and Platynosomum fastosurriy in the cat. Acantho- 
cephala, Macranthorynchus hirudinaceus were found in pigs, and Coryno- 
sorna sp. in the cat. Cestodes, Davainea tetragona, were found in 
chickens; Tae^nia crassicollis and Diphylloboihrium mansoniy in the cat; 
and Dipylidium sp. and Taenia marginatay in the dog. 

The external parasites attacking domestic animals in Porto Rico 
include Haematopinus eurysternus (Lajas), Boophilus annvlatus var. 
caydatus (Mayaguez), and Hxmotobia serrata (San German) for cattle, 
Linognathus sp. (Mayaguez) and Boophilus annvlatus var. caudatus 
(Mayaguez) on goats, Psoroptes communis in the skin scrapings from 
a horse (Guay anilla) , Rhipicephalus sanguineus and fleas on dogs 
(Mayaguez), and Echidnophaga gaUinacea on chickens (Guana jibo 
Mayaguez). 

l2ce and mites should be effectively controlled wherever dipping 
vats are available. 

Post-mortem examination of a chicken showed one kidnev and 
ureter greatly enlarged. These were submitted to the pathological 
division of the Porto Rican School of Tropical Medicine, the director 
of which called the attention of the parasitologist to the presence of 
trematode eggs in sections of the kidney. The trematode was not 
found. 

It is of interest to note the finding of Syngamus laryngeus in the 
?:oat. The nematode has been reported in cattle in Porto Rico, 

* Transferred to Bureau of Animal Industry, U. S. Department of Agriculture, June 8, 1920. 
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Bagu^ (1^21), but so far as it is known this is the first record of findiiii: 
the parasite in goats, iinh^ss Syngamu>i nasicola Von Linst (1899) is 
considered to be identical with S. laryiigeus KaiUet (1899). Chapin in 
1925 showed that these species are very probably identical. (Esoph- 
agostomuin longicaudum was found in pigs in New (luinea by Goodcy 
of the London School of Tropical Medicine. The parasite appar- 
ently is widely distributed over the world. Subulura Htrongylina has 
been found in chickens and various other kinds of birds in Brazil but 
has not been previously reported as a parasite of guinea fowls. ILu 
erakis brevispiculum is apparently frequently present in guinea fowls 
in Dahomey and Belgian Congo, Africa, and more recently has been 
reported from Brazil. Ascaridia nmnidie is known as a parasite of 
guinea fowls in Africa. Ileterakis brevispiculum and Ascaridia nutni- 
dx in the guinea fowl and Subulura strongylina in chickens and tlio 
guinea fow^l have not previously been reported from the United States. 
However, since comparatively few domestic fow^ls were examined, the 
data obtained arc insufficient to permit drawing general conclusions. 
In general the parasites attacking cattle in Porto Rico are similar to 
those molesting these animals in the continental United States. A 
survey of the distribution and prevalence of animal parasites in Porto 
Rico .should be of decided interest. With the exception of the ratlioi 
frequent finding T)f Crasslsoma urosubulatum, the internal parasites 
of pigs in Porto Rico presented no novel featuies. 0. uro.subvlafvni, 
however, in view of its aelationship to the general group of Ankylos- 
tomidse may prove to be of {)aramount importance. Studies of ihv 
prevalence and distribution of the parasite should be ma(l(\ 

The fluke Postlwrinodonium commuiatum has been reported as a 
oarasite of the chicken, turkey, guinea fowl, and pigeon in Italy and 
Tunis, but is reported here for the first time from the United States. 
iHatynosomum jastosum of the cat appears to be common in Brazil, 
but is reported here for the first time from the United States. 

The parasitologist gratefully acknowledges his indebtedness to 
the experts of the Division of Zoology, Bureau of Animal Industry, 
United States Department of Agriculture, for their courtesy in iden- 
tifying many of the parasites mentioned in his rc^port. 

REPORT OF THE PARASITOLOGIST 

By H. L. Van Volkenberg 

The parasites collected during 1927 which were heretofore unre- 
ported for Porto Rico are as follows: Of the internal parasites, tbo 
nematodes are Filaria labiato-papillosaj from abdominal cavity, and 
Onc7ioc^rrasp.,fromligamentum nuchae, in cattle; Synthetocavlus capU- 
larisy Trichuris oins, Chabertia' ovina, and (Esophagostomum venulosum, 
in goats; and Metastrongylus elongatuSj At. brevwag hiatus, StepJianuru^^ 
dentatuSy Trichuris suis, and Necator suillus, in swine; Protozoa, Einu- 
ria ziirniy in cattle; trematodes, Paramphistomum cervi, in cattle; 
Fasciola hepaticay in goats and swine; cestodes, Moniezia alba, in cattle; 
Taenia sp. and Cysticercus tenuicollisy in goats; C. cellulosx and C. tenui- 
colliSy in swine; and of the external parasites, Ornithodores meginiriK 
Demodex JoUiculorum, and Hypoderma sp., in cattle; 0, meginini and 
Trichodectes sp., in goats; Dermacentor niten^ and Dermatophilus pene- 
tranSy in swine; D, nitens and Trombicida sp., in horses; and Gonioco- 
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tfs gigaSf Menopon pallidum^ Lijyevru^ sp., Ciiemidocoptes miUanSf 
Ihrmaiiyssus gallinaey and Trombkvtxi sp., in chickens. 

The leading projects under investiiration include (1) a general 
survey of the parasites affecting domestic animals in Porto Rico; 
(2) a study of the liver fluke and its relation to disease in cattle, 
(joats, and swine; (3) a study of the life history and economic im- 
portance of Stephanuriis dentatus; and (4) the possihle relation of 
Secator suiUufi to the problem of human ankylostomiasis in Porto 
Kico. 

GENERAL SURVEY 

The first project has received the most attention. The bulk of the 
material has been obtained from the local abattoir. Approximately 
100 sets of viscera of cattle, goats, and hogs have been systematically 
examined to determine the species of ])arasites, the percentage infested, 
and the importance of the parasites collected. In addition, data 
have been recorded for publication later, of the examination of fecal 
material, skin scrapings, etc., of aninuUs in this vicinity and at dis- 
tant points on the island. 

The studies made so far indicate that the most serious parasites 
attacking cattle, arranged tentatively according to their economic 
importance, are stomach worms, Texas fever ticks, liver flukes, nod- 
ular worms, lung worms, nuinge mites, coccidia, flies, and lice. 

The seriousness of stomach worms and also nodular worms has 
forced cattle raisers in certain localities to keep their animals in board- 
lloored pens elevated above the ground, occasionally cement-floored 
pens, and to feed them by hand until they were several months old. 
Even so, fecal examination of these calves which had never been on 
pasture has shown that many are infected and sonu^ heavily, demon- 
strating that these parasites can be picked up in pens, w^hich arc the- 
oretically regarded as being parasite proof. Apparently infective 
larvae have been carried to the pens on grasses cut from fields which 
liad been fertilized with stable man\ire, and a heavy reinfection may 
have occurred as a result of insanitary conditions in the pens. However, 
healthy calves are being successfully raised by several dairymen in the 
lieavily infested districts by keeping the animals off pasture until they 
become 8 to 12 months old and dosing regularly, once each month, 
with a solution of copper sulphate. 

An unidentified filarial worm, attached to the cervical ligament, 
has been found in over 80 per cent of the cattle examined. The par- 
asite apparently is of no pathogenic importance. 

Of the external parasites, the cattle tick is widely distributed and 
carries tick fever as elsewhere. The spinose ear tick has been collec- 
ted from several cattle. A large sucking louse is common and is 
found, together with the eggs or nits, in the switch of the tail and 
occasionally, especially in a heavily infested animal, among the long 
hairs on the inner edge of the ears. 

The mange mite, Detnodex JoUiddorum^ has been identified from the 
scrapings taken from a cow near San Juan and a calf at Mayaguez. 
Larvae of an ox warble fly were seen on three cows w^hich were recently 
imported from the States. 

Evidently conditions are unfavorable to the fly, as the larvae are 
often imported on cattle and reinfestation is not known to occur. 
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Very few data have been obtained on the losses in swine due to 

f>arasitic infestation. However, parasites probably partly account 
or the many stunted and emaciated animals which nave been fro- 
quently observed. 

Dikmans, in a former report of the station,* gives the results of a 
systematic examination of the small intestines of 60 pigs. Of internal 
parasites, lungworms were found in over 50 per cent and lardworms 
in over 40 per cent of the animals. Cysticercus ceUidosx, the larval 
stage of Tsenia soUuniy a dangerous tapeworm in man, was found in 
two hogs slaughtered at the abbattoir. Both animals wore heavily 
infested. 

Of the ectoparasites, the sand flea, locally known as '*nigua,' is 
common in pigs which are raised near the seashore. The flea burrows 
into the skm above and between the claws and sometimes causes 
considerable inflammation. The tropical horse tick was found in the 
ears of two pigs. 

Very little is known regarding the seriousness of parasites aflfectiiig 
goats. Stomach worms were fouild in about 75 per cent of the goats 
examined. Apparently the adult native goat is less resistant to stom- 
ach worm infestation than are cattle, and the kid is more resistant to 
the resultant bad effects from infection than are calves. The goat 
should be considered as an important factor in the dissemination of 
stomach worms, as the same species occurs in both goats and cattle. 

Nodular worms were found in over 70 per cent and whipworms in 
about 30 per cent of the goats examined. Lungworms and liver flukes 
were common. Syngamus laryngeus is much more common in goats 
than in cattle and the number of parasites per animal is usually much 
greater in the goat. A few specimens of Chabertia ovina were recov- 
ered from a goat which had been recently imported from the States. 

Of the two species of lice which had been found on goats, the bitinp: 
louse is the more common. The goat as a carrier of cattle ticks must 
be taken into account if eradication of this parasite is attempted. 
Spinose ear ticks were found on several goats. 

Some study has been made of the external parasites of horses. 
Psoroptic mange has been found in three widely separated localities. 
One of these findings was made by Dikmans. This and reports by 
laymen indicate that this form of mange is widely distributed. The 
tropical horse tick was collected from several horses at Mayaguez. 
The larvfie of a trombidium mite has been found attacking the face 
and head and occasionally the body. This mite is very common in 
this vicinity, especially during the wet season. The irritation caused 
by it is very great, especially in thin-skinned horses. Affected ani- 
mals have a characteristic appearance in which hair in numerous 
small spots is lost from rubbing, but the crusts, scales, and thickening 
of the skin, distinctive of some manges, are absent. 

The dermatitis of both horses and cattle caused by mites, lice, and 
bacteria will require considerable study, as these forms of skin dis- 
eases are common and serious in Porto Rico and very little is known 
concerning them. 

* Dikmans, O. report of the parasitologist Porto Rico Agr. Expt. Sta. Rpt. 1925: 22, 1927. 
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UVKR PLUKBS 

The study of the liver fluke is not completed. Several species of 
fresh-water snails were collected and examined for the purpose of 
finding the intermediate host. An endeavor is being maae to carry 
out part of the life cycle of the parasite in the laboratory. Uninfected 
snails are being infected with the miracidia from the eggs of the liver 
fluke, and the cercarise thus produced in the snail will be in turn trans- 
mitted to experimental animals. The cercari® from snails taken in 
the field are also being transmitted to animals. A study will bo 
made with the view of controlling this parasite either by medicinal 
treatment of infected animals or by destroying the snail m the field, 
or both. 

SWINE KIDNEY WORM 

The study of the life history of the kidney worm, Stephanunis denta- 
tnSy of swine has indicated that infection is direct and that the larvae 
undergo a stage of development in the liver of the pig before passing 
to the fat surrounding the liver and kidneys. 

HOOKWORM OF SWINE 

The study of the hookworm, Necator suillus^ of swine has been 
handicapped by the lack of material. A systematic examination of 
intestines from over 100 pigs disclosed a light infestation in only 2 
instances. This indicates that the parasite is not common, at least 
in the vicinity of Mayaguez. 
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REPORT OF THE DIRECTOR 



By D. W. May 

The work of the station during the year, as described under the 
several departments, proceeded unhampered. Investigations in pxo^ 
duction in the several lines of agriculture included m)th plant a|id 
animal life. There were no changes in personnel, and the position of 
entomologist continued to remain unfilled^ Apparently it becomes 
increasingly difficult to secure investigators in certain lines of agri- 
cultural research. 

IMPROVEMENTS 

During the year an addition was made to the east wing of th^ 
building, and the library was mdVed into it. This now permits, 
use of three rooms for library purposed and inore ti^^n 4oi4}W^ 
space formerly occupied. A traoAed librarian was se^ur^tp ii^i 
and classify the library and place it on a modem basis* li^%Vi^. 
ness of the librarjr to the personnel ^f the station aiQ^^ tol.qtnieifTS 
been thus greatly increased* i; ,! viiu 

The tiling systenl whereby the low ground$ ffi tbcj ■. ^S\^ \ 
drained was installed 25i years <agO. Tbeo^tl^t^isihroug)! a ' 
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tunnel emptying into the river. At this point the river bends and 
cuts into the field. The steady encroachment of the water made it 
necessary to construct a buttressed mouth to the tunnel and an abut 
ment to shift the current from the field. The material used repre- 
sented a large outlay of money. The labor was done bv the perma- 
nent employees of the station during such times as they could be 
spared from the field. 

The station lies along the Yaguez River opposite the city of 
Mayaguez, and between two asphalted roads which cross the river. 
The only connecting road between these two roads passes through the 
station property. The traffic over this road is growing rapidly, and 
the cost of maintaining it with a gravel surface proved to be increas- 
ingly high. Moreover, the dust raised by passing vehicles was detri- 
mental to the work of the station. This road was therefore asphalted 
and now has a better surface of a more permanent nature than for- 
merly. The Department of the Interior kindly loaned the road 
roller, vats, and other implements necessary for carrying on the work, 
which was done by employees of the station. 

On the mountain side, 2i/^ miles distant, where the station has 
planted a 200-acre plat with forest trees, there is a never-failintr 
spring of clear, pure water. During the year 214-inch galvanized 
piping was laid from the spring to the station to convey the water to 
the station homes, laboratories, stables, and plant houses. The spring 
has contributed greatly to the success and efficiency of the work of 
the station and the well-being and health of the personnel. The sys- 
tem is operated at a saving to the station of about $600 per annum. 

Composition of the water, — A sample of the water when analyzed 
had a composition as follows : 

Tablb 1. — Composition of spring water on the mountain above Mayaguez^ 



Constituents 



Total solids 

Total solids after heating 

Silica (SIOj) 

Ferric oxide (FejOj) 

Llme(CaO) 

Magnesia (MgO) 

Soda(NajO) 



Per liter 



Mgms. 
128.00 
92.00 
29.00 
1.30 
28.90 
7.30 
3.00 



Constituents 



Potash (KjO) 

Nitrogen as ammonia (NUs) 
Nitrogen as nitrates (NO3).- 

Chloiine(Clj) 

Sulphates (SOj) 

Carbonates (C0») 

Bicarbonates (HCO3)- 



Per liter 



Mgm». 

(») 

0.80 
(») 
(«) 

2.50 
(») 
(s) 



1 Reaction, slightly alkaline to phenolphthalein. 

'Traces. 

* Undetermined. 



CATTLE 



Cattle were probably brought to the island shortly after its dis- 
covery. They were likely shipped in from southern Spain and were 
good individuals of their type. Their descendants still show char- 
acteristics of the cattle of the southwestern provinces of the penin- 
sula. Porto Kico is naturally adapted to cattle raising, and early 
importations must have thrived so well that further improved blood 
was not introduced for some time. However, during the nineteenth 
century some other kinds of improved cattle are reported to have 
been introduced, and, in fact, indications of such a breed are visible 
in the cattle of certain districts. Many of the cattle about Guayama, 
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for example, show undoubted evidence in the ears, dewlap, and 
>houlder hump of Zebu blood, and the red cattle about Arecibo show 
evidence in conformation of Shorthorn and Devon blood. 

The station has been engaged in importing and breeding cattle in 
Porto Rico for 25 years. The results oi some of the experiments have 
l)een of value in present practice and will serve as guides for the 
future. In 1904 tne station brought in three males and one female, 
all Herefords, in the hope of makmg crosses for the improvement oi 
the cattle for use as work and beef animals, as is done on the 
western ranges in the States. These cattle did not tlirive as 
did the native animals. The hot sun and the cattle tick militated 
against their acclimatization. The station then imported from Texas 
four 25ebu grade bulls the sires of which were purebred Zebus^ and 
the dams showed some Hereford and Shorthorn blood. The animals 
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FioDRB 1. — Shorthorn bulls at the yoke 

were perfectly hardy in Porto Rico and their progeny showed im- 

Erovement as work animals. The introductions dia not improve the 
Bef type, and lessened the desirable quality of milk production. A 
wildness, quite different from that of the cattle of the island, proved 
to be their outstanding characteristic. 

The station has imported at different times Shorthorn cattle mainly 
for crossing with native cattle. (Fig. 1.) These introductions 
greatlv improved the stock in various parts of the island, as at Dorado 
and Guanica. This Shorthorn blood persists and its favorable in- 
fluence on the herds in Porto Rico adds to its prestige in improving 
form, hastening maturity, and increasing milk yield. 

Probably a larger number of Holsteins than of cattle of any other 
breed have been imported into Porto Rico. These were brought in 
because of their high average milk yield. Their acclimatization has 
been difficult. 
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Channel Island cattle, the Jerseys and the Guernseys, largely of 
pure blood, have been introduced. In the main they have done well 
and have proved to be adapted to the climate. Their short hair 
affords less protection for the cattle tick. Of the two breeds, th(> 
Guernsey is the larger and, therefore, better adapted to work pur- 
poses. Again, of all the improved breeds, the Guernsey is nearest to 
the type of the cattle that may be said to be native to Porto Rico, and 
it makes the best crosses without undue variations or reversions. 

Porto Rico should have only one breed of cattle as have the islands 
of Jersey and Guernsey. Upon this breed should be built a race of 
island cattle that will be adapted to the environment and can be bred 
to the native cattle for improvement in milking qualities and for 
maintaining ability to work, the two leading requirements in cattle 
at present. The station recommends the Guernsey as the best general- 
purpose cattle for island conditions. 

Tne safest way to improve the cattle is by introducing purebred 
sires of breeds that are best adapted to local needs. The native cat- 
tle are strong, vigorous, and of good size. That they have kept their 
size and quality through several centuries of unscientific breeding is 
due to the favorable climate and nutritious grasses of Porto Rico. 
Improvement in crossbreeding is due to the large, robust frame of 
the cattle and to their climatic adaptability. 

The introductions during the past five years included in 1923-24, 
620 cattle valued at $71,409; in 1924-25, 1,261 cattle valued at $129,- 
350: in 1925-26, 1,503 cattle valued at $157,622; in 1926-27, 2,184 
cattle valued at $212,945; and in 1927-28, 1,258 cattle valued at 
$128,820. These animals were for breeding purposes^ and were pure- 
breds or high grades of their respective breeds. The number indi- 
cates the acceleration given in late years to the work of improving 
the cattle of the island. 

Com/pcmaon of native mith grade and pwrebred cows, — That the 
cattle of Porto Rico may be improved by crossing them with pure- 
breds is shown by the results had with the station herd. The station 
started a herd with five native cows (fig. 2) and a Guernsey bull. 
A new purebred bull was purchased as needed to avoid inbreeding. 
Crossbreeding resulted in the development of half-breds which when 
bred to purebred bulls produced three-quarter breds. These in their 
turn produced seven-eighths, and the next generation fifteen-six- 
teenths breds. The natives gave 2,953 pounds of milk per year, the 
half-breds, 4,344 pounds, and the three-quarter Guernseys, 4,928 
pounds. 

In 1923 three purebred Guernsey heifers were added to the herd. 
By 1928 their female progeny had increased to 15 head, and the 
males were sold. The last of the grade females were sold in 1928, 
leaving the station with a purebred registered herd. 

Increasina the milk proauction, — The price of milk in Porto Rico 
is excessively high. This is due to low average yields and the cost 
of concentrates which are imported. The first difficulty can be 
overcome by improving the breed, and the second by planting such 

Sain feeds as are adapted to the island. Some root crops, such as 
ei sweetpotato, might be grown also for feeding. Yields of 15 tons 
of sweetpotatoes per acre have been produced at the station. Mill 
feeds continue to be imported because no small grains are grown 



1>0BT0 BICO AGRICULTURAL EXPERIMENT STATIOK 6 

)\ere. Some com is grown, but much of it is imported for human 
consumption and often at less cost than native corn can be had. The 
station nas at different times distributed several tons of seed of kafir, 
milo maize, and feterita. Though these grow well, especially in 
regions where the rainfall is deficient, none of them have round suffi- 
cient favor with the local farmers to warrant further planting. In 
addition to the malojillo and guinea grasses, which have been grown 
for range improvement for many years in Irorto Rico, the elephant 
and Guatemala grasses imported by the station are extensively grown 
also. Uba cane is satisfactory for sugar production on some lands 
and yields large amounts of forage in all sections of the island. A 
successful legume is needed that will furnish protein in the ration 




FiODBB 2. — Native cow 



and at the same time increase the nitrogen content of the soil. The 
cowpea or " f rijol," as it is locally called, produces well on most 
soils. The soybean has not become established. Many legumes 
new to the island have been tested at the station. For general pur- 
poses, including soil improvement and use as a feed, the velvetbean 
succeeds best and over the widest area. 



CLOVERS AND ALUED PLANTS 



Clovers and allied plants afford feed for livestock and also improve 
the soil by storing therein nitrogen from the air. They are found in 
any well-grounded system of agriculture in the Temperate Zone. 
The clovers and allied plants under trial at this station from 6 to 
20 years include red clover, mammoth trefoil, Lespedeza, sweetclover, 
alfalfa, bur, subterranean, crimson, and white clovers. None of these 
have grown successfully from the first plantings of the seed, or es- 
tablished themselves by reseeding. The seed has been inoculated 
with the proper bacteria in every instance, and nodules have formed 



6 1>0EM BICO AGBICULTUHAL EXPERIMENT STATION 

on the roots. However, growth has been poor, and in most instances 
the plants have failed to come to maturity. 

A clover crop to succeed must overcome the grasses that spring U]) 
with it, or must grow on the same soil with them. In the latter 
instance, the clover should grow at least as high as the grasses to 
maintain its place in the sun. As the local pasture and forage 
grasses are rank-growing, clovers maintain themselves with difficulty, 
especially during the seasons of heavy rainfall. Therefore, under 
island conditions the successful legume must be cultivated or else 
make such rank growth as to overcome the grasses by overtopping 
and smothering them out. 

VELVETBBANS 

The velvetb^an is native to the Tropics. It was first cultivated 
as an ornamental. The legume, both vme and seed, makes an excel- 
lent feed for livestock, and it has therefore become of great economic 
importance. 

The station has been growing and distributing the velvetbean for 
20 years. The first variety tested was known as the Black Bengal. 
A number of others, differing in color and size of seed and length 
of vine, have been received for trial. Occasionally a variety will 
come back with a new name. In the Tropics a quick-maturing 
variety is not as desirable as in the States. Ihe most forage in the 
shortest time is the goal. The variety known as Hundred l)ay will 
not mature in that length of time here, although it has produced 1) 
tons of ffreen matter per acre in 100 days. The bunch velvetbean 
will not nold'true to form in the Tropics, but spreads out into vine, 
showing that its tendency to grow into bush form is not fixed. 

On cut-over lands that for years have been unproductive in the 
station forest plantation, the velvetbean alone, of the many annual 
legumes tried, gave a large yield. Even the cowpea failed to produce 
satisfactorily. The velvetbean has also proved to be very valuable 
in ridding land of niit grass. It is almost impossible to eradicate 
this pest, once it takes possession of an area, and it may cause the 
farmer to abandon his farm. Velvetbeans when grown on nut-gras.^ 
infested areas at the station completely smothered it out. 

Velvetbeans grow well on beach lands where sand largely pre- 
dominates, and on the clay soils of the interior. They make excel- 
lent cover crops on the coconut soils of the coast, crowding out weeds 
and smothering grasses. They do well in citrus orchards and, while 
the vine may cover trees to their detriment, it can be easily pruned 
back with a machete. Velvetbeans m^y serve a threefold purpose, 
being used (1) as an ornamental to cover an unsightly object, (2) 
to add nitrogen to the soil, and (3) to produce forage and grain for 
feed. 

Velvetbean seed is hard to harvest. Harvesting should be done on 
a rainy day if possible. Prior to planting, the pjods need only be 
broken in two. Local growers should harvest their own seed, since 
it can not be bought on the island. Seed on hand offers an inducement 
to the possessor to plant, and planting can be done here during any 
time 01 the year. What would be otherwise waste places may be 
kept growing velvetbeans at a profit. 

Velvetbeans when planted on ground for the first time should be 
inoculated ; after that inoculation is not necessary. About 15 pounds 
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of seed are required per acre. Fertilizing the crop will not pay. 
Velvetbeans when inoculated take nitrogen from the air, and thev 
make such vigorous growth as to be able to wrest the needed potash 
and phosphorus from the soil. 

As a feed, velvetbeans rank well with cottonseed meal, a highly 
nitrogenous feed. They contain a high percentage of fat. When 
the size of the crop permits, the beans can be crushed and the fat 
extracted for various uses. The residue can be fed to livestock. 

At the station no insect has been found attacking tlie velvetbean. 

UBA CANE FOR FORAGE 

Although Uba cane is being supplanted by new seedlings which 
give a greater tonnage of sugar and are also immune to mosaic 
disease, it is one of the most valuable of the forage crops tried at 
the station. (Fig. 3.) 

Yields of this cane will run well over 50 tons per acre the first 
year, and the ratoon crop over 40 tons. In nine months on hill land 
33 tons per acre have been obtained. 

Uba cane may be fed at any stage of its growth. When it is ripe 
or nearly so and the stalk has hardened, the cane should be run 
through a cutter. Cattle ate 80 per cent of fully ripe Uba cane which 
was cut into 1-inch lengths. Kesults of experiments indicate that 
Uba cane and velvetbeans are the greatest producers of the two 
types of forage — carbohydrate and leguminous — that have been tried 
at the station. 'In the latter instance, velvetbeans may be planted 
with the cane in the stubble remaining after each cutting. 

SURINAM TOAD 

The giant toads {Bufo inarinufi) which were introduced into the 
island five years ago have greatly increased in number and ^ have 
been shipped to all parts of the island in lots varying from 10 to 
1,000. Keports indicate that they are proving to be effective in 
controlling the changa, or mole cricket, the worst insect pest on the 
island. An examination of the stomachs of the toad disclosed the 
presence of other predacious insects also, including ants, grubs, and 
cockroaches. 

FERTIUZERS 

For several years the value of the fertilizers that have been im- 
ported into Porto Rico has approximated $3,000,000 annually. They 
have been used mainly on cane, but also on fruit and tobacco, and 
their use has been profitable. As is stated elsewhere in this report 
(p. 16), certain mixtures can be profitably employed in the coffee 
plantation. 

Table 2 shows the value and kind of fertilizers imported into 
Porto Rico from the United States and from foreign countries dur- 
ing the past five years. 
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Tabsm 2.— Kind and value of fertilizers imported into Porto Rioo during the 

period 1928-1928^ 



Source and period of Intro- 
duction 



United States: 

1923-24 

1924-26 

1925-28 

1926-27 

1927-28 

Foreign countries: 

1923-24 



1924-26.. 
1926-26.. 
1926-27. 
1927-28.. 



Total. 



Nitrate of soda 



Sulphate of ammo- 
nia 



Tons 
1,096 
2,186 



2,809 
2,627 

1,988 
1,087 



1,644 
4,007 



17,242 



Value 
$67,420 
118,618 



Tons 



166,696 
129,102 

86,399 
12,374 



76,375 ' 
238,279 



9,213 
29,376 
33,868 

[ o 

f 100 
[4,151 



873, 163 76, 697 



Value 



$611, 890 
1, 616, 363 
1,60^632 



4,725 
229,816 



3, 864, 426 16, 



Chloride of 
potash 



Tons 



Value 



1,452 
4,222 

2.924 
2,963 
2.365 
3,010 



$62,809 
186,652 

97, 117 
95,668 
76,660 
108,996 



617, 691 



Sulphate of pot- 
ash 



Tons 



966 
' 2,926 
1,670 
' 4,113 
,18, 767 
' 3, 101 
l37, 163 



Value 



$28,94^3 
47,700 
122,948 
70,907 
181,447 
462,777 
172,318 
627, 430 



69,375 1,714,473 



Source and period of introduction 



United States: 
1923-24 



1924-26.. 

1928-26.. 
1926-27.. 



1927-28 

Foreign countries: 
1923-24 



1924-26.. 

1926-28.. 
1926-27.. 
1927-28.. 

Total. 



Bone phos- 
phate 



Tons 



600 
210 
166 
681 
506 



2,163 



Value 



$21, 696 
4,209 
7,290 
20,667 
16,933 



70,794 



Mixed fertilizer 



Tons 
16,675 
47,873 
4,861 
41, 612 
12,686 
36,079 



30,002 
.21, 271 



210, 959 



Value 
$784,690 
2,18i622 

220,051 
1, 878, 993 

422,373 
1, 3W, 620 



1, 127, 742 
731, 042 



8, 740, 403 



Total 



Tons 
66,643 

48,658 

67, 878 

62,186 
67,666 

9,659 

9,667 

13, 616 
25,245 
43,274 



393, 372 



Value 
$3,027,002 

2, 217, 662 

2,324,883 

2, 898, 701 
2, 362, 776 

383,038 

436,261 

621,000 
720,884 
908,743 



15, 880, 950 



1 According to Customs declarations. 

> Sulphate of ammonia imported from a foreign country is subject to a duty of $5.50 per ton. 

During the last fiscal year there was a tendency toward the use of 
fertilizer of lower value. This is a mistake, especially when one 
considers that the cost of freight on fertilizer, practically all of 
which is imported, is $3.40 per tdn, and that the cost of bagging and 
marketing is the same for low-grade goods as for high. True econ- 
omy here means the use of the least filler possible. Fertilizer for use 
in the coflfee districts in the mountains is subject to another heavy 
charge for transportation thence on pack animals. Concentrated 
fertilizers are therefore advisable for the Porto Rican trade. 

The station again advises the employment of all such local fer- 
tilizing materials as manure, tobacco stems, wood ashes, and vege- 
table debris. The caves of the island which have been surveyed and 
mapped by the station are still found to contain many valuable de- 
posits of guano that should be utilized as fertilizer. In some of the 
caves the annual deposits of bats are considerable, and the owners 
should regard the possession of them an asset to their farms. 
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VEGBTABLB GROWING 



In a country of equable temperatures and no frost, where the 
rainfall is abundant or irrigation is possible, conditions apparently 
should be ideal for growing vegetables throughout the year. In the 




FiODB» 3. — XJha, cane ; fifth ratoon 



Tropics, however, the greatest pests and plagues are likely to over- 
take and destroy the crops. Freezing in winter in the colder regions 
does something for the soil that can not be done for them in the 
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Tropics. Ajgain, in the Temperate Zone plantings can be made iri 
time to avoid attack by insect and fungus pests, which are always 
present in the Tropics. 

Other conditions differing from those of the Temperate Zone affect 
the growing of vegetables in the Tropics. Sweet corn, for example, 
will rapidly pass tnrough all the processes of growth in Porto Rico, 
but produce only a dwarf plant with an embryonic ear. This pecu- 
liarity is apparently due in part to the shortness of the tropical day, 
but it represents the difference between success and failure. 

The soil is the basis of successful planting, and before it can be 
used for garden purposes it must be well prepared and fertilized It 
will then grow most of the vegetables that are produced in the 
North. The grower must be ready to fight insect and fungus pests 
from the time of sowing the seed to the time of harvesting the result- 
ant crop, and even then the plants may be overtaken by an unexpected 
plague. 

To grow the white potato successfully the soil should be friable 
and the plants well fertilized. They will grow quickly and bear 
tubers, but will not flower. The planted piece will often sprout, 
grow, and produce, yet remain hard and firirl in the ground and not 
rot. Even the cut surface will be found not to have. become discol- 
ored or soft. The potato will grow rapidly here, but will not form 
as large tubers as in the North. The largest yields at the station 
were made bv Irish Cobbler, which produced 164 bushels per acre, 
and by Red Bliss, which produced 145 bushels per acre. The varie- 
ties were planted February 16 and dug May 19. 

Of other root crops, the carrot is of easy growth and has no serious 
insect pests. Turnips are a success, but they should be grown quickly 
because they soon turn bitter. Young beets are subject to attack by 
leaf-eating insects. The tops should be dusted with arsenicals. After 
the plants are well started they will grow rapidly. 

Certain parts of Porto Rico are well suited to onion growing. 
From them profits of $400 per acre have been reported. The greater 
part of the onions consumed in the island are imported. Porto Rico 
should supply the home demand and have a balance for export, 
especially of the large, mild type. They should be grown from seed, 
and be well fertilized, and intensely cultivated. 

Peas are so easily cultivated that they should be found growing in 
every garden through most of the year. Both the edible and the 
ornamental kinds grow well, although the soil must be inoculated 
when they are planted therein for the first time. With later plant- 
ings this is not necessary. No insects have been found attacking the 
foliage at Mayaguez. 

Of the salad plants, lettuce, mustard, and parsley grow most easily 
and are freest from insect attack. Celery also is grown easily, but it 
lacks the crispness of that grown in the North. 

Chard and kohlrabi thrive, but the leaves of the former when 
young are attacked by beetles. The plants should be dusted with 
air-slaked lime. 

Cauliflower does not head well. Until methods of overcoming this 
difficulty are determined, its planting is not advised. Cabbages can 
be grown, but they do not make as large heads as in the North. Com- 
mercially, cabbage can be imported more cheaply than it can be 
grown. 
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Certain varieties of tomatoes can be grown successfully. The 
Marglobe is at present the most promising variety. (Fig. 4.) Toma- 
toes should not be grown two years in succession on the same plat of 
ground. 




FiGUBB 4. — Marglobe tomatoes 



Occasionally fine melons are grown in a locality which has not 
previously been planted with them for some time. This encourages 
attempts to grow them a second time on the same area and results in 
failure. Insect and fungus pests destroy the crop at the second plant- 
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ing on the same ground. These are so persistent or so destructive as 
to continue notwithstanding a reasonable amount of spraying. 

« 

PHEASANTS 

In May two lots of eggs of ring-necked pheasants were received 
from the States and set under hens. From one lot of 60 eggs only 2 
were hatched; from the other lot of 50 eggs 32 were hatched. As the 
result of one of the hens leaving her nest 12 eggs of this lot were lost. 
Of the 34, 8 of the young died, 4 were lost by accident, and 2 were 
killed by rats. The rest grew to maturity and proved to be stron^f, 
healthy birds. Two pairs have been released on a coffee plantation 
where the elevation is 2,500 feet. Seven have been released in the 
neighborhood of Mayaguez. Twelve have been placed with employ- 
ees of the station for further breeding work in captivity. Eesufts of 
experiments so far indicate that pheasants may be successfully raised 
here. Probably the most serious menaces to their increase in th(^ 
wild state are tne rat and the mongoose. 

REPORT OF THE ASSISTANT CHEMIST 

By J. O. Carrero 
MANAGEMENT OF CANE SOILS 

Results of field experiments on the utilization of nitrogen by cane 
soils, as reported in 1927, failed to show definite gains in tonnage for 
plant cane when nitrogen in the form of leaves and trash was added 
to the crop, whereas a gain was shown by the first ratoon crop. In 
the first instance the leaves and the trash were buried, and in the 
second instance they were left on top as a mulch. 

Further studies were made to determine (1) the rate of decomposi- 
tion of the trash, and (2) the effect on the disappearance and reap- 
pearance of soil nitrates. The first was accomplished by adding 
mixed air-dried green and dead cane trash to soils in such proportion 
as would be applied in the field, conditions as to other fertilizer in- 
o^redients being changed to correspond with those used in field trials. 
This experiment was carried on along two lines, (a) to determine 
the effect on the decomposition of trash of the different treatments 
applied as shown by the amount of carbon dioxide evolved, and the 
content of nitrate nitrogen in the soil at the close of the experiment ; 
and (6) to permit of making weekly tests for the nitrate-nitrogen 
content of soils in beakers which had been subjected to similar 
treatments. 

A test was made to determine the difference in rate of decomposi- 
tion of green and dry trash and a mixture of the two, and the effect 
of adding lime. Two hundred grams of finely ground air-dried soil 
was thoroughly mixed with 2 grams of air-dried green and dead 
cane trash and placed in. a 500-cubic centimeter Erlenmeyer flask. 
Sufficient water was added to maintain the optimum moisture content 
of the soil. Eight different treatments were used. The quantity of 
carbon dioxide produced in the flasks during 31 days and the 
nitrate-nitrogen content of soil samples at the end of the run were 
determined^ 
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Carbon dioxide production was increased considerably by the addi- 
tion of the cane trash and further increased by the addition of lime. 
Green trash decomposed more rapidly than the dry trash or a mix- 
ture of the two, regardless of whether the soil was limed or not. 
Determination was made of the nitrates present in the soU. Unlimed 
soil showed 31.3 parts per million nitrogen as nitrates, and soil plus 
lime, 52 parts per million, whereas the rest of the flasks revealed only 
traces. Thus decomposition had not progressed sufliciently in 81 
days to allow nitrification. 

A second experiment was carried on to learn the effect on decom- 
position of (1) adding nitrogen as nitrates, (2) mixing the trash 
with the soil, and (3) leaving the trash on top as a mulch. 

Again the addition of trash was followed by greatly increased 
carbon-dioxide production showing rapid decomposition of the trash. 
A more active rate of decomposition followed upon the addition of 
lime. The addition, of nitrogen was not followed by increased car- 
bon-dioxide production, probably because only 30 parts per million 
nitrogen as nitrates was added. This represents an addition pi only 
0.2 per cent nitrogen in the amount of trash added. The amount of 
carbon-dioxide production was considerably increased even when 
the trash was left on top of the soil as a mulch, but it was slightly 
below that produced when the trash was mixed with the soil. As 
to the nitrate-nitrogen content of the soil at the close of the experi- 
ment, a decided advantage was shown by the mulched soils over tnose 
mixed with trash. Mulched soils showed the presence of consider- 
able nitrate nitrogen even when they were slightljr below soils re- 
ceiving no treatment; on the other hand, soils mixed with trash 
showed only traces of nitrates even in the pots receiving nitrates in 
addition. 

A third experiment, lasting 11 days, was made, the amounts of 
nitrates added to the soil in flasks being varied to observe the effect 
on the amount of carbon dioxide proouced. Then the experiment 
was carried on for 30 days without carbon dioxide determination and 
for a third period of 12 days with it. Nitrate nitrogen was deter- 
mined in the air-dried soil samples. 

The applications of nitrogen as nitrates were equivalent to 0.5, 1, 
1.5, and 2.5 per cent of the dry weight of the trash. Only on the 
first day of the 11-day period was the difference in the amount of 
carbon dioxide evolved tor the different treatments noticeable. Ap- 
parently the increase in nitrate content did not affect the decomposi- 
tion of the trash. Even after the decomposition had been allowed 
to proceed for 41 days and another measurement had been made of 
the amount of carbon dioxide evolved for 12 consecutive days this 
failed to show a difference in favor of the nitrogen applica* 
tions. At the end of the test the nitrate-nitrogen content was de- 
termined. Even soils receiving no nitrate nitrogen were found to 
contain varying amounts. Those receiving different amounts of 
nitrate nitrogen showed increased nitrate content in accordance with 
the amount received, but they were less than the amounts applied. 
Lime again seemed to be beneficial since a gain in nitrate was always 
observed following its use. Apparently the rate of decomposition 
of cane trash when it was added to a soil progressed sufficiently in 
two months to permit nitrification of the nitrogen present and espe- 
cially so when lime was added. 
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To obtain further information on this point and on the rate of 
nitrification of the nitrogen of cane trash, an experiment was carried 
on in beakers. The beakers were allowed to stand for four week;* 
l^efore the nitrates were determined for the first time. Nitrate nitro- 
gen was then added, and nitrate determinations were made weekly 
tor five weeks. 

Mixing cane trash with the soil reduced its nitrate-nitrogen content 
for four weeks, even when the soil Avas limed. However, nitrate 
nitrogen when added in the fifth week was apparently little affected, 
the soils showing a very small decrease in the amount added. Soils 
to whicii the trash was added as mulch were not affected as much as 
were those haying it mixed with them. On the other hand, soils 
containing a mixture of cowpea leaves and stems soon showed 
decomposition and the presence of nitrates, the contents surpassinir 
those of soils not receivmg any treatment. These results can not be 
accepted as definite because on two occasions the soils in beakers were 
found to be almost dry when they should have been kept at a constant 
moistive content. 

To obtain further information on this point a second and more 
extensive trial was begun, in which 100 grams of soil was placed in 
beakers. Half the number were limed, and the rest were left unlimed. 
One set received no treatment, a second received 30 parts per million 
nitrogen as nitrate, and a third received nitrogen as ammonium sul- 
phate. Two similar lots were prepared, the first lot receiving 1.2 
grams of air-dried green and dead cane trash which was mixed with 
the soil; whereas, in the second the mixture was left on top as a mulch. 
A third lot received an equal amount of trash and potash (potassium 
sulphate applied at the rate of 60 pounds KoO per acre) and phos 
phoric acid (superphosphate applied at the rate of 60 pounds PoO, 
per acre) with and without the addition of lime and nitrogen as 
ammonium sulphate. All these were compared with two lots to 
which 1 gram of air-dried cowpea and velvetbean leaves and stems 
had been added. These tests had been carried on for nearly four 
weeks when they were destroyed by a storm that completely wrecked 
the shed in which the beakers and jars were kept. However, up to 
the time of the storm the nitrate content of the soil, both untreated 
and limed, continued to increase, while nitrogen added as ammonium 
sulphate was completely changed to the nitrate form. Where trash 
had been mixed with limed or unlimed soil no nitrates were found in 
the unlimed soils and only bare traces in the limed. Given the same 
treatment and in addition nitrates or ammonium sulphate, unlimed 
soils showed bare traces and limed soils from 10 to 15 parts per mil- 
lion. In soils receiving trash as a mulch the nitrates did not disap- 
pear even when the trash was applied alone. All soils receiving 
potash and phosphates, and nitrogen as ammonia, in addition to 
trash, showed bare traces even when limed, whereas soils with cowpen 
or velvetbeans showed an increase of 20 to 90 parts per million 
nitrogen as nitrate in the fourth week of the trial. 

Another experiment was begun, but as no cowpea or velvetbean 
plants were available, air-dried green and dead cane trash was sub- 
stituted to permit of determining any difference in the rate of decom- 
position. The experiment was carried on for 14 weeks, and samples 
were not analyzed until after the first 2 weeks. 
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Definite gains in nitrate-nitrogen content were made by soils 
receiving no treatment or only lime, the latter always showing to 
advantage. Soils to which cane trash but no lime was added showed 
only traces for 12 weeks and only in the last 2 weeks nitrates amount- 
ing to 7 to 8 parts per million, whereas soils receiving lime showed 
the presence of nitrates in the fifth week. Soils receiving nitrate 
or ammonia nitrogen showed the presence of nitrate nitrogen verv 
early in the third week. The unlimed soils with ^mmonmm sul- 
phate required 5 weeks for such a showing. The soils varied some- 
what, especially in the first 2 weeks, when a high nitrate content was 
observed. This suddenly dropped between tne seventh and tenth 
weeks. The first was found to be due to the fact that the cane 
trash had not been attacked and, consequently, decomposition had 
not taken place. Cane trash does not easily absorb moisture, a fact 
which delays its decomposition. Again, after several weeks of gains 
in nitrate-nitrogen formation, the nitrate content dropped sudoenly, 
after which gains in nitrate nitrogen were observed. These losses 
took place every time water had to be added to restore the amount 
lost by evaporation. After water was added the nitrate content in- 
creased. Soils receiving the trash as mulch showed nitrate nitrogen 
present during all stages of the experiment. However, they were 
also subject to a drop in nitrate content whenever water had to be 
added even though evaporation was considerably less than in the 
unmulched soils. Those receiving potash and phosphoric acid 
showed no improvement in the amount of nitrogen nitrified when 
they were compared with soils receiving trash alone. Soils to which 
air-dried green trash or air-dried dead trash were added showed 
considerable difference in rate of decomposition and appearance of 
nitrates. For green trash unlimed, nitrates appeared in the fifth 
week and increased gradually, whereas for the limed soils nitrates 
appeared in the third week, gained gradually, and in the end were 
twice as high as in the unlimed soils. Those receiving air-dried 
dead trash unlimed showed only traces throughout, whereas the limed 
soils showed small amounts beginning .^with th§^ seventh week. It 
should be remetfibered that these expennafents we?0 made on air-dried 
samples of soil, which always show increased nitrification of the 
soil nitrogen. 

Apparently decomposition of cane trash, whether air-dried green 
or dead trash, or a mixture of the two, progresses rapidly enough in 
two months' time to permit formation of much-needed nitrate nitro- 
gen in such quantities as are necessary to plants. This action is 
greatly hastened by adding lime to the soil, and, while decomposi- 
tion is not apparently hastened by adding nitrogen in its nitrate or 
ammonia forms, the earlier reappearance of nitrate is thereby ob- 
tained. When the trash is applied as a mulch the denitrifying 
action does not appear to be as vigorous as when the trash and the 
soil are mixed, presumably because of the contact of the small 
amount of trash with the soil. Such trash is kept moist and decom- 
poses, whereas the rest is well aerated, dries rather quickly, and is 
not therefore acted upon; hence, denitrification is red!uced. As soil 
moisture is reduced, soils appear to gain in nitrate content, whereas 
the addition of water to restore that lost by evaporation reduces 
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nitrates in samples receiving trash. This action, though not defi- 
nitely known to occur^ may be beneficial, for the reduction of the 
nitrates to some organic form may prevent loss by leaching. 

REPORT OF THE HORTICULTURIST 

By T. B. McClelland 

COFFEE 

Kesults of the station experiments with fertilizer for coffee show 
in increasing measure the need for fertilizers. Soil conditions must 
be improvea if Arabian coffee is to continue to be grown on typical 
IN)rto Kican coffee plantations the original fertility of which was 
depleted years ago. At various farmers' meetings which were held 
iltk the conee district, the horticulturist gave talks on the benefit to 
be derived from the use of fertilizers, and exhibited charts showing 
that production increased when fertilizers were applied to coffee trees. 
Dtinng the past seven years the total production of coffee on the 
tWo plats receiving complete fertilizer on the Lopez plantation was 
2,692 and 2,712 pounds of coffee (parchment free) per acre, respec- 
tively. Fertilizer was applied twice annually througnout this period, 
ekch application consisting, on a per acre basis, of 112.5 pounds of 
amitionium sulphate on one plat and 150 pounds of sodium nitrate on 
th^ other, and 150 pounds of superphosphate and 50 pounds of 
pOtltssium sulphate on each plat. In this same period the two plats 
Whicl^ prior to December, 1926, had received nitrogen only, produced 
rtt the rate of 1,250 and 1,930 pounds per acre, respectively, and the 
6h^ck plat, at the rate of 1,518 pounds per acre. At present 
^rifces of coffee and fertilizer, the value oi the increase in crop 
iti this instance was about twice as great as the production cost 
etttailed through the use of complete fertilizer. Since results with 
other experiments in progress indicate the importance of potash in 
C6ffe^ fertilization, planters are advised to use a considerably higher 
^^roportion of potash than was employed in the test here reported. 
' Ih the South Field fertilized coffee plats, nitrogen, phosphorous. 
Akid 'potash are applied singly and in combinatioii, the applications of 
each ranging from very light to very heavy. If all the plats re- 
t'dyink'tne same kind of fertilizer m different amounts are con* 
sid^d as a unit, and the resultant groups are compared with the 
tihfeHilized plats, the production of the NK and NFK groups will 
be' f Oimd to nave exceeded that of the check in each of the past 11 
ymt^y T^he K group surpassed the check in 10 of 11 years, while the 
PK' g;i^tipr surpassed it in 8 of 11 years. These plats, all of which 
hfitd li^itfed potash, stand in interesting contrast to those to which 
Jidtayh httd not been applied. The check outyielded the P and NP 
^^oufii^ itt 10 of 11 years and the N group every year. 
' ' The ttUesti'Oii of the advisability of topping coffee trees has recently 
IH§cirfVfe(l;^6iisiderable attention from growers. Here and there in 
the'ci^ff^^lsediion, coffee trees have been headed back to test the effect 
■bttmpiiig 6h yield. A manuscript giving the results of an experi- 
ittfe^- ifi td^^ing coffee trees at the station over a 12-year period was 
i^BMltt^d' for publication during the year.^ The depressing effect on 

^McClblland, T. B. effect of topping on tisu> of coffee in PORTO RICO. Porto 
Rico Agr. Bxpt. Sta. Bui. 82, 8 p., lllus. 1028. 
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production of severe pruning or heading back was less evident in 
the early years of the test than later. During a 10-year period trees 
topped at 6 feet and maintained at this height produced (mly 74 per 
cent and those topped at 4 feet produced 58 per cent as much as the 
unprimed check trees. 

One of the experimental coffee plantings was heavily invaded by a 
trunk borer belonging to the genus Xyleutes. Paradichlorobenzene. 
dissolved in soluble pme-tar on (1 pound of the former to 1 quart oi 
oil), and diluted with two parts of water, was injected into the tun- 
nels by means of a small hand sprayer having a syringelike nozzle. 
The percentage of kill could not be determined, because of experi- 
mental work in progress with the trees. However, the treatment 
offers promise since two applications of the paradichlorobenzene were 
made at a 3-week interval without resultant injury to the trees. 
The borer has also been found attacking GUriddta septum^ a coffee 
shade tree. 

Planters are evincing a steadily increasing interest in Excelsa 
coffee. (Fig. 5.) Seed distribution of this variety has been on an 
extensive scale. The trees in the station plantings on poor, red clay 
soil under conditions little suited to Arabian coffee have made vigor- 
ous growth and produced good crops. Twelve-year-old trees are 
producing, per tree, about 3 pounds of coffee, with the parchment re- 
moved. The trees nave avera|;ed for the last five years a little more 
than 2 pounds per tree annually. The ability of Excelsa to thrive 
and produce under conditions unfavorable to Arabian coffee makes 
the variety very promising for planting in many localities, particu- 
larly where a less fertile soil, the presence of the leaf miner, a lack 
of suitable shade, or an insiifficiency of the requisite labor during 
the picking season, constitute major problems. 

PH0T0PBBI0DI8M 

Studies of the photoperiodism of various economic plants were 
continued, and a detailed report covering the main lines of investi- 
gation to date \^s submittea for publication.* 

The 11 and 18 V^ hour periods of daily light exposure under which 
pineapples had produced their first crop were altered to 10 and 16 
hours,^ respectively, for the second or sucker crop. For the latter, the 
differiBnces in i^pening season between groups receiving different 
exposures were pore pronounced than in the first crop. The mean 
ripening date for the group receiving the normal light exposure was 
21 days later, and for the group receiving the 15-hour daily light 
closure, 58 days later than for the group receiving the 10-hour 
exposure. The average fruit produced under the 15-hour daily light 
exposure weighed 24 per cent more than that produced under the 
10-hour daily light exposure, was both longer and broader, and was 
subtended by a greater number of slips. Only a single fruit of those 
produced under the normal light exposure attained the weight of the 
average fruit produced under the 15-hour daily light exposure. 
Weights taken at the termination of the test showed that the amount 
of plant growth was correlated to the length of daily li^t exposure. 

Joo^^.^KSStrS S^TreoHlS; Si ™?»||^'*-"«>«- <>' ^^ ^^^uic flahts. 
73725—29 ^3 
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Such blossoming as had taken place prior to the removal of the 
plants showed that flowering for the third crop, as for the first and 
second, was retarded under the lengthened period of illumination. 




FioLRE 5.— CojOTca excelea at 13 years from seed 

Yautias, dasheens, and Penang taros were grown under daily light 
exposures of 10 and 15 hours. The petiole length and the leaf diam- 
eters of the twQ largest leaves on each plant were measured eight 
weeks after planting. At that time the dasheens and taros had 
developed longer and broader leaves and all three had developed 
longer petioles under the longer exposure. 
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TAUTIA8. DA8HBBN8. AND TAROB 

In planting yautias, dasheens, and taros the general practice locally 
is to remove the soil to a depth of 3 to 5 inches^ making for each plant 
a hole approximately a foot in diameter which is left open. The 
hole gradually fills by subsequent cultivations. To test the value of 
this practice, the central section of each of 19 rows was holed prior 
to planting; whereas the sections of each side were left level. The 
average production per plant of corms or tubers suitable for table use 
was greater for the holed section in all but 2 of the 19 rows. Inequal- 
ity in field conditions which was not apparent prior to planting 
affected the growth to a greater extent than did the planting methods 
tested. The tests are therefore being repeated. 

A trial shipment of dasheens was made to New York in February. 
These tubers sold at 3i^ cents a pound. A little more than 4 cente 
a pound was offered lor tubers of similar quality in April. Con- 
sidering the heavy production per acre in fertile soil — 8 or 9 tons 
of tubers suitable for shipment and 2 or more tons of large corms 
suitable for local consumption — ^it is thought that the crop promises 

f)rofitable returns to the grower. Shipments in the earlv fall or the 
ate spring are advisable rather than in midwinter, wnen supplies 
from elsewhere are abundant. 

The effect on production of planting Penang taro cormels of differ- 
ent sizes has been tested for four years. The sizes of cormels planted 
though varying slightly in the course of the test have been approxi- 
mately 2 ounces or less for the smallest size, 3 ounces for the second, 
4 to 5 ounces for the third, and 6 to 11 ounces for the largest size. 
Considering the four years' production as a whole, it is seen that the 
difference in yield has been insignificant. The hignest yield has been 
obtained from planting cormels weighing 2 ounces or less, the second 
highest from cormels of 3 ounces, and the lowest yield from the 
ccwmels of largest size. The extremes differed by atiout 8 per cent. 
The annual yields individually have not held to a uniform sequence, 
but have varied from year to year, the production from the smallest 
and from the largest cormels having held first place one year and 
last place another. Evidently the yield of Penang taro has not been 
significantly affected by the size of cormel planted. As the large cor- 
mels not only are valuable as food, but are more likely to rot than 
are the smaller cormels, the latter should be preferred to the former 
for planting. 

YAMS 

Selections were made from the lowest and highest yielding plants 
of yams to test different strains for productivity. The selected plants 
ranged in weight of tubers from 4 ounces to 2 pounds 14 ounces for 
those of lowest yield, and from 4 pounds 1 ounce to 8 pounds 10 
ounces for the plants of highest yield. Each selection was planted 
separately. Either small whole tubers were planted, or larger tubers 
were cut to secure uniformity in weight ox seed piece within the 
variety. Of six varieties included in the test, five showed on the 
whole a higher average production by the progeny derived from the 
low-yielding hills. In the following planting such strains as ap- 
peared to be of promise were retained, and some new selections were 
made to continue the test a second season. 
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COCONUTS 

At tiic Harvev coconut plantation, palms receiving 5 pounds of 
salt twiv.'e annually produced an average of 63 nuts per palm, whereas 
the unsalted palms constituting the check produced 61.9 nuts per 
palm for the year ending December, 1927. This was a reduction in 
yield over that of the preceding year of 5.5 nuts per palm in the plat 
receiving salt, and 11 nuts per palm in the check plat. Fertilizer 
applications to these plats were discontinued in January, 1926, and 
salt was applied for the first time in May, 1926, the new plats running 
crosswise of the old. At Corsica a fertilizer experiment has now 
been in progress for six years. In comparing the production of the 
first two years with that of the last two years, it is seen that the yield 
of the check remained stationary, whereas all of the fertilized plats 
show an increase in yield. This increase amounted to 13 and 23 per 
cent for the plats receiving incomplete fertilizer, and 29 and 91 per 
cent for those receiving complete fertilizer. 

VIOLET TREE 

Seeds of the endemic, indigenous, and now very rare violet tree 
(JPTdehotcBnia cowellii)^ were secured and planted, and the resultant 
seedlings are thriving. This tree, beautiful for its flowers and val- 
uable tov its very hard wood, has for a long time seemed to be in 
danger of becoming extinct. 

REPORT OF THE PLANT BREEDER 

By R. L. Davis 

FIELD CORN 

Selfed lines were continued from high-yielding ears from the 
various districts. Number 6-7-3, a particularly promising line from 
Morovis, produced ears that in total length per plant exceeded those 
of normal open-pollinated corn. As was the case in previous years, 
the most vigorous lines, regardless of the number of generations 
selfed, came from Castillear-1, a champion high-yielding parent ear 
which was collected at Penuelas. These lines from Penuelas are 
very slow in approaching uniformity. Castillear 1-5-2-4-5 after 
four generations of inbreeding shows considerable variation in type 
and color of kernel, and in number of kernel rows. In contrast to 
this, Vincens-Flint 2-4-1-2-5, a line which has been inbred to the 
same extent but was derived from another source, is nearly uniform, 
all the kernels being flinty and of orange color, and nine-tenths of the 
ears being 10-rowed. 

The lines thus far isolated from the upland districts near Barran- 
quitas and Aibonito have not, when grown at Mayaguez, shown vigor 
at all comparable with those from lowland districts. They do not ap- 

f)ear to be adapted to the lower altitude. Their plant growth is 
arge, but the ears developed are not sound. Lines tnat grow vigor- 
oui3y at Mayaguez have been isolated from the four lowland dis- 
tricts, Coamo, Lajas, Morovis, and Penuelas, where selections have 
been made. Selection No. 12-13-1 from Coamo is outstanding for 
its long ears, and it is very nearly uniform for a dimple dent type 
of kernel. 
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White-kernel lines have been isolated from Lajas, Morovis, Jayuya. 
Penuelas, Coamo, and Barranquitas. In each instance where platitea 
next to yellow sister lines inbred the same numbet of generations, the 
white recessives have made an inferior plant growth and proved to be 
more susceptible to disease. 

Twenty-five first-generation hybrids were produced by crossing 
yellow-kerneled lines selfed for two generations with 0.-1-2-4-6, a 
white-kerneled line selfed for three generations. This white line 
makes a very inferior plant growth and produces small ears and small 
kernels. Because of its decided inferiority, the white line was 
thought to afford a ^ood test for the degree of prepotency in the 
yellow lines, as only the most dominant yellow type could give a high 
yield in the Fi combination. In a test by the hill check method m 
which common corn from the Yauco-Torre farms was used as the 




S'lGDHB 6. — Stelfed lines with high total ear length tend to produce hlgh-jielding hybrids. 
Left, hybrid of pistillate parent averaging 21.2 centimeters in ear length. Exceeded 
check in yield by 59.7 per cent. Rignt, hybrid of pistillate parent areraging 16.6 
centimeters in ear length. Yield 4.2 per cent less than check 

standard, two interesting observations were noted, the similarity in 
performance of hybrids from sister lines originating from the same 
parent ear, and the greater prepotency of yellow lines that had made 
superior plant growth in tne pure inbred condition. The hybrids 
from the sister lines, Barranquitas 22-11-1 and 22-11-2, are both low 
in prepotency, yielding less tnan 95 per cent of the check in shelled 
corn per acre. The same is true of hybrids from two sister lines of 
Castillear-l-o-p.-21, which yielded, respectively, 81.4 and 96.8 per 
cent of the check. 

As an example of parallel performance for high prepotency, four 
sister lines from Castillear-l-o.-p.-50 all outyieldea the check by 7 
per cent or more. Of eight lines which were superior for plant 
growth, five were also superior to the check in first-generation hybrid 
combination. The average total ear length of the Tines was a better 
criterion than plant growth for predicting prepotency, since the 
pistillate parents of eignt of nine high-yielding hybrids were superior 
tor total ear length. Figure 6 shows ears from two hybrids whose 
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pistillate parents were derived from the same parent ear. Ears 
from six representative plants are shown in each instance. Thi* 
hybrid on tne left exceeded the check in yield of shelled corn 
by 69.7 per cent, and its pistillate parent averaged 21.2 centimeters in 
total ear length. The hybrid on the right yielded 4.2 per cent less 
than the check, and its pistillate parent averaged only 15.5 centi- 
meters in total ear length. 

SWEET CORN 

The growth of Mayaguez-1, a sweet corn which was developed 
from native field corn and distributed in 1928 for the first time, nas 
not been wholly satisfactory in the dry districts of Porto Rico. 
Several vigorous inbred lines that are derived from the same source 
as Mayaguez-1 offer a solution to this difficulty, because in their 
inbred condition they grow taller and produce larger ears than 
Mayaguez-1. They are first-generation selfed lines from 27 Su-12 
that grew fully 1% feet taller than Mayaguez-1 in the spring of 1928. 
It is probable, however, that some trouble will be experienced in 
selecting for tender kernels. In this respect these lines are less 
promising. Crosses have been made between native sweet corn and 
the most vigorous selfed lines of field corn. 

SUGARCANE 

Several very promising importations were made during the year. 
P. O. J. 2364, supplied by the Bureau of Plant Industry of the United 
States Department of Apiculture, and Ba 6835, sent from Trinidad, 
are very desirable breeding material. The best varieties developed 
in both Java and Barbados have been bred from them. 

P. O. J. 2878, from Java, has been propagated with the utmost 
rapidity and extended to all parts of Porto Rico. The Java water- 
sucker method was used in combination with the Mayaguez single- 
eye method to accelerate propagation. From three single eyes that 
ferminated in March, 1927, 10 acres were planted in July, 1928. 
^ O. J. 2878 has given very good first ratoons at Mayaguez and is a 
?rolific stooler, even exceeding P. O. J. 2725 in this last respect. 
^ O. J. 2878 does not have the objectionable feature of early arrow- 
ing. Ten-month-old " primavera " ^ and 14-month-old " gran cul- 
tura " * plantings of P. O. J. 2878 did not arrow, whereas, in adjoin- 
ing plantings of corresponding age every cane of P. O. J. 2725 
arrowed. In two small " primavera " plats P. O. J. 2878 outgrew 
P. O. J. 2725 by a substantial margin of nearly 2 feet. P. O. J. 2878 
responds well to good cultural conditions and at Mayaguez produced 
canes of large diameter with joints averaging 7 inches long. It is 
very susceptible to the cane borer, a fact which may cause trouble 
in the dry districts where this pest is prevalent. The first analyses 
made on January 17 at Mayaguez indicate that P. O. J. 2878 is late 
in ripening. The juice of 15-month-old " gran cultura " from the 
original three stools propagated here had, on analysis, 14.1 per cent 

* Spring planting of cane usually cut when 12 to 13 months old. 

* Summer or fall planting of cane usually allowed to grow for 15 to 18 months before 
It is hanrested. 
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sucrose and a purit;^ of 84.2 per cent. This was several points lower 
than that of a seedling of S. C. 12/4 Rowing in the same plat. The 
juice of 1014-inonth-old '' primavera"' contained 14.27 per cent su- 
crose and had a purity of 83.7 per cent, whereas the juice of adjoin- 
ing stools of P. O. J. 2725 showed on analysis 14.75 per cent sucrose 
and a purity of 85 per cent. The season during which these canes 
ripenea was exceedingly adverse because of rain, which depi*essed 
the sucrose and caused the buds to shoot in the standing cane. 

Of the second-year and third-year selections from hybrids between 
P. O. J. 2725 and S. C. 12/4, the more promising at present appear 
to be Mayaguez 28, 42, 44, 51, 3, 7, and 63, all of which are highly 
resistant to mosaic. Mayaguez 28 holds the record on sucrose at 
Mayaguez, exceeding that of all varieties analyzed in 1926 and in 
1927. At Central Eureka. Central Coloso, and Mayaguez, this hybrid 
has made a growth eaualmg that of P. O. J. 2725 and B. H. 10/12. 
It stools even better than P. O. J. 2725, sheds its leaves freely, and 

froduces canes of good diameter. Mayaguez 28 has two drawbacks : 
t arrows profusely, though not so early as P. O. J. 2725, and the 
buds shoot out badly toward maturity, making top seed undesirable 
for planting. 

Mayaguez 42 appears to be the most promising of the 1927 hybrid 
seedlings. In January, IQi/^-month-old canes analyzed 17.62 per 
cent sucrose and a purity of 89.3 per cent, equaling tests on P. O. J. 
2725 of the same age. Mayaguez 42 has outgrown P. O. J. 2725 in 
" prima vera " planting, and produces canes or good girth, with extra 
long joints similar to those of P. O. J. 2878. It germinates well, has 
not arrowed at Mayaguez, and does not have hairs on the leaf sheaths. 

Of all the hybrids, Mayaguez 44 most closely resembles P. O. J. 
2725. It is, however, sweeter than the mother variety, and is prob- 
ablv much later in arrowing. It has long yellowish-green joints 
and broad light-^een leaves that are shed very freely. 

Mayaguez 51 is practically the same as P. O. J. 2725 in time of 
arrowing. Its growth is erect, and it sheds its leaves freely and 
resists wet land. It grows very rapidly and has in preliminary trials 
exceeded the height of P. O. J. 2725 in adjoining rows by several feet. 
Mayaguez 51 is outstanding for its vigorous ratoons. The canes are 
very long jointed, green to yellowish-green, and of a satisfactory 
girth, somewhat less than that of S. C. 12/4. Its juice has a sucrose 
content about eaual to that of P. O. J. 2725. 

Mayaguez 3 has for the second year outgrown B. H. 10/12 at 
Central Pagdn, Anasco, where cooperative tests with the South Porto 
Rico Sugar Co. have been carried on. It is outstanding for its erect 
growth and tough canes of medium girth which are free from borer 
attack. Mayaguez 3 was germinated at the Fajardo Central experi- 
ment station and sent to the Mayaguez station while still in the 
germination flat in January, 1926. It is of interest to note that this 
seedling was at 1 month several inches taller than were any of the 
others m the same germination flat. Additional tests on its sucrose 
are needed. The first-year analysis was lower than that of P. O. J. 
2725. 

Mayaguez 7, which gave a low sucrose as a first-year seedling, has 
had promising analyses in the " gran cultura " wet-land experiment 
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at Mayaguez. In two plats it had an analysis on January 17 of 17.2 
per cent sucrose and lf.61 per cent sucrose, respectively, whereas in 
]?. O. J. 2725 the sucrose averaged i5.82 per cent. The purity of tihie 
juice of both varieties was about 88 per cent. Mayaguez 7 has not 
arrowed for three seasons at Mayaguez. It makes a rapid early 
growth and resists drought well. Like most of the other hybrids, 
it has long joints. The canes are somewhat smaller in girth than 
those of P. O. J. 2725 and not so erect as those of Mayaguez 3. 

Of all these hybrids, Mayaguez 63 has the toughest foliage and the 
healthiest stools. It is a thick green cane with long joints and round 
buds which are well confined to the growth ring. It has withstood 
drought and adverse wet-land conditions well during the past two 
years. In young " primavera " it analyzed somewhat better than 
both P. O. J. 2725 and P. O. J. 2878. On January 17 " gran cultura " 
plantings in a very poorly drained field yielded 2 per cent less sucrose 
than did P. O. J. 2725. Like H. 109, B. H. 10/12, and other com- 
mercial varieties, the canes become increasingly large toward the top. 
Mayaguez 63, when planted next to P. O. J. 2725, made a growth at 
16 months that was not inferior to that of the latter. No signs of 
arrowing have been observed. 

The new seedlings propagated include over 1,000 selfed seedlings of 
B. H. 10/12, 400 crosses between B. H. 10/12 and D. 433, 50 selfed 
seedlings from E. K. 28, and 4 crosses between P. O. J. 2725 and Ba. 
11669. In addition, selfed seedlings from Ba. 11569, D. 1135, and 
S. C. 12/4 were bred. The new crosses showed no promise and were 
discarded. Of the selfed seedlings, those of E. K. 28, Ba. 11569, and 
B. H. 10/12 made the best growth. Several of the B. H. 10/12 
seedlings have equaled the growth of the best seedlings of E. K. 28 
and are, in addition, decidedly healthier. 

The principal effort in seedling propagation work for the year 
was centered on the problem of variable viabilitv of sugarcane seed 
from arrows of the same variety. Collections oi 50 arrows of S. C. 
12/4 per district were made near Toa Baja, Faiardo, Humacao, 
Yabucoa, Manati, Arroyo, Guayama, and Ponce. The lowest germi- 
nations secured were 7 seedlings per arrow from Central Mercedita, 
Ponce, with no December rainfall and 3.3 seedlings per arrow from 
Central Aguirre near Guayama with a December rainfall of 0.06 
inches. The best germinations were 134 seedlings per arrow from 
Yabucoa with a December rainfall of 2.19 inches, and 135 seedlings 
per arrow from Manati with a December rainfall of 4.78 inches. 
Satisfactory germinations were secured from all the other districts 
excepting Arroyo, where the December rainfall was very light. These 
data indicate that viable seed may be secured in Mayaguez and other 
districts that are dry during the propagation season, provided that 
irrigation water is applied during tne periods of blossoming and 
maturation from November 10 to December 20. Watering the arrows 
gently with a fine spray from 9 a. m. to 3 p. m. during the pollination 
and early maturation periods reduced the germination by half. This 
indicates that irrigation water alone is sufficient under the natural 
humidity prevailing at Mayaguez during the critical period. 
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REPORT OF THE AGRICULTURIST 

By H. C. HlBNBIOKBEN 
PINEAPPLE INVESTIGATIONS 

The pineapple investiffations were continued. Several new prob- 
ems were attacked, and those of immediate practical importance, 
elating to maturity and the shipping of the fruit, were solved. The 
esults were published in mimeographed numbers of Agricultural 
!fotes issued by the station in order tnat local planters might derive 
mmediate benefit from the findings. 

Extensive cooperative field experiments were started in 1927 with 
•lie object of testing a number of methods by which the time of 
rruiting might be controlled. 

In experiments in plant selection which have been under way for 
several years, the results show that such characteristics as size and 
ngor of plant, and size and usually the shape of fruit are transmitted 
from generation to generation. This was explained to planters at 
field meetings, and as a result several have been practicing plant 
selection for the past few years. 

One phase of selection of very great importance to the pineapple 
industry in Porto Rico is the elimination of the barren type of plant 
locally known as " Riiion " or " Macho." This type was first noticed 
about 12 years ago. Since then experimental results show that 100 
per cent of the plants transmit a characteristic vigorous growth with 
a production of very small, usually misshapen fruits which are edible 
but commercially valueless. This problem was verjr serious until 
the planters were made aware of it, for the plants being vegetative, 

f)roauced a large number of vigorous slips which were eagerly se- 
ected for further planting. As a result, some of the plantations were 
producing 25 per cent or more of worthless plants before the growers 
became aware of the fact. 

Another seemingly promising phase of selection has so far been 
deferred because of lack of assistance. It is generally known that 
some fruit is sweeter and of much better quality than other fruit. 
Difference in sweetness has been thought to be due partly to environ- 
ment and partly to difference in maturity of fruit. That this is not 
entirely correct was well demonstrated in these investigations when 
occasional fruits were found containing nearly 2 per cent more total 
solids than did average fruit of equal maturity. This would seem 
to indicate that quality is a very promising characteristic for use in 
selective breeding work. 

OUTWABD INDICATIONS OP FBUIT MATUMTT 

The outward indications of fruit maturity are very difficult to 
recognize. The disappearance of chlorophyll from the rind while a 
sure indication of maturity of fruit is of minor practical value be- 
cause most of the fruit is picked before it reaches this stage. 
AJthough plant-ripened fruit is most desirable for consumption it is 
not so suitable for long-distance shipment as is fruit that is less 
mature. On the other hand, maturity must be well advanced before 
the fruit is picked, or the (juality wiu be very poor. Two stages of 
maturity of the Red Spanish variety are readily discernible regard- 
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less of local conditions. One concerns the appearance of the bract 
or leaflet at the base of each eye. So long as the bract remains un- 
wilted, the fruit has not matured sufficiently to have attained a high 
degree of palatability. The other stage concerns the color of the 
basal eyes. When they show a slight yellowing the fruit is of ship- 
ping maturity, but is too mature for long-distance shipment except 
under refrigeration. 

Between the two extreme stages of maturity are several indications 
which vary with soil, fertilizer, moisture, and temperature. They 
are different, therefore, on different plantations and can be recog- 
nized only by those who are familiar with local conditions. 

STAGES OF MATUBITY 

The stages of maturity are discernible in the texture and flavor of 
the flesh and in the color, taste, viscosity, and total solids content of 
the juice. The flesh of the immature fruit is firm and brittle and 
practically without pineapple flavor. As the flesh becomes increas- 
inrfy tenaer toward maturity it develops the typical pineapple flavor. 

The juice of the immature fruit is milky white in color, insipid in 
taste, very viscous, and has a total solids content of 9 per cent or 
less. As maturity progresses the color changes to yellow, the taste 
mellows, the viscousness greatly diminishes, and the solids content 
increases. The latter is usually 14 to 15 per cent in the juice of the 
plant-ripened fruit, and in exceptional cases it may reach 16 to 17 
per cent, the basal portion containing 2 to 4 per cent more than 
the apex. These changes take place only in unpicked fruit. After 
the fruit is severed from the plant, sugar formation stops. This was 
definitely proved in these investigations by the removal of plugs 
from the fruit at several intervals and the testing of the juice in an 
Abbe refractometer. The plugs were removed under aseptic condi- 
tionSj and the resultant cavities were filled with melted paraffin to 
prohibit infection. This, it was found, did not interfere with the 
maturity changes in the fruit. 

Ttje acidity was measured by titration and found to vary from less 
than 0.4 per cent in the immature fruit to upward of 0.9 per cent 
and occasionally more in the mature fruit. The variations were not 
consistent enough, however, to permit using acidity as a reliable 
measure of maturity. 

FRUIT DECAY 

One of the most serious causes of loss to the pineapple grower is 
decay in transit. Decay in the pineapple is brought about by the 
same agents producing it in other kinds of fruit, but the effect is 
aggravated by the very perishable nature of the mature pineapple. 
For this reason most of the growers are inclined to ship immature 
fruit. The results of investigations at the station show that plant- 
ripened fruit, when it is properly handled, can be safely shipped at a 
temperature of 35° to 40° F. 

Tne so-called black rot of pineapples is difficult to prevent. It is 
usually caused by a fungus entering the stem end of the fruit after it 
is cut from the plant, but an overabundance of water in the fruit is 
always a contributory cause. Black rot is not very prevalent except 
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in rainy weather. It can be largely eliminated by thoroughly drying 
the stem scar. Sun drying is preferable, but artificial orymg must 
be employed in cloudy weather. Several methods of artificial dry- 
ing have been perfected, employing a blast of air with or witlioiit 
heat. One of the growers has constructed a series of frames 6 to 7 
feet high, under which he sets the fruit on the ground with the stem 
end exposed to the sun. A covering is drawn over each frame 
when rain commences and is removed when it ceases. 

CITRUS INVESTIGATIONS 

It became necessary during the year to devote considerable time to 
citrus problems. Coloring and washing of the fruit, together with 
some other packing-house problems were investigated. A prelimi- 
nary report on the results obtained was published in mimeographed 
form in Agricultural Notes No. 40, issued by the station. 

IDENTIFICATION OP BUDDINO STOCK 

A survey of the citrus groves was started. One of the first difficul- 
ties encountered in the work was the determination of the stock upon 
which the trees are budded, the sprouts which emanate from below 
the bud union and are seldom present being the only sure indication 
available. This difficulty was overcome by the finding of a chemical 
method making it possible to differentiate between the stocks that 
have been planted in Porto Rico. These are rough lemon, sour 
orange, cultivated grapefruit, and occasionally the so-called native 
grapefruit. 

The method is based upon the depth of color produced by ferric 
chloride when it is added to an aqueous solution of root tissue. A 
method, simple enough for planters to use, was described in mimeo- 
graphed form in Agricultural Notes No. 43, published by the station. 

In the laboratory the following method was satisfactorily used : A 
piece of root was washed and dried, and the bark was scraped from 
it. A 1-gram sample was macerated in a mortar with a few cubic 
centimeters of water, after which about 20 cubic centimeters of water 
was added. One cubic centimeter of a 5 per cent ferric chloride solu- 
tion was next added and the whole stirred well. A small portion of 
aluminum cream was added and the mixture filtered on a small 
Buchner filter. The solution of the volume of the filtrate should be 
50 cubic centimeters or greater, depending upon its color. The depth 
of the color was determined in a colorimeter in comparison witn a 
standard solution of naringin to which ferric chloride had been 
added. Rough lemon showed practically no color; native jgrapefruit 
had a color equaling 4 to 6 milli^ams naringin in a 50 cubic centime- 
ter solution ; cultivated grapefruit had a variable color, but usually it 
was equal to more than 6 milligrams and less than 10 milligrams 
naringin ; sour orange had a very variable color, but it nearly always 
was equal to more than 10 milligrams naringin. This showed that 
rough lemon and sour orange, the two stocks commonly found in 
Porto Rico to-day, can readily be distinguished from each other. 
The native grapefruit is readily distinguished from the two former, 
but it can not always be so readily distinguished from some varieties 
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of the cultivated OTapef ruit. The sweet orange has seldom, if ever, 
been used for stodc here. It will present difficulties whenever it is 
found because the various varieties produce a depth of color which 
shades into those of the different strains of the sour orange. 

POT AND LTSIMimBS BXPERIMEITTS 

Five series of sand cultures, each made up of six 10-quart contain- 
ers planted with grapefruit seedlings, were under observation for 
five months to determine the optimum salt concentrations and 
changes in pH taking place as the result of applying different nu- 
trient solutions to them. The results were practically negative 
because of poor plant development, in this respect paralleling the 
results obtained by Breazeale.' 

Twenty-four half barrels were filled with a uniform grade of sandy 
clay soil which was practically devoid of organic matter and avail- 
able plant nutrients. Each container was planted with six citrus 
seedlings which were about 3 inches tall, and various mixtures of 
inorganic fertilizer salts were applied to the soil. The experiments 
were continued for eight months, during which time the soil was 
tested for nitrogen and pH and the plants were measured. No defi- 
nite results were obtained from the plant measurements as differences 
between individual plants in any one series were greater than those 
between plants in different series. 

The pH of the soil was 6.3 at the beginning of the experiment and 
dropped to 5.3 in less than three months in the series receiving am- 
monium sulphate and potassium sulphate. In the next series, which 
received calcium phosphate in addition to these two substances, the 
pH remained practically stationary. In the series receiving urea and 
potassium phosphate, the pH remained practically stationary. In 
another series, in which sodium nitrate was substituted for urea, the 
pH increased slightly. These results indicate that the changes in 
pH were caused by such ions of the various salts as were not taken 
up by the plants. 

In one series, which received sulphur at the rate of 1 ton per acre in 
addition to complete fertilizer, a pH of 3.8 was produced within two 
months. Some of the plants were killed outright; the rest made verv 
little growth. Replantings were made from time to time, but growth 
was practically nil' as the pH remained around 4. This indicates 
that the critical soil pH for citrus trees lies between 4 and 5. 

In another series, which received air-slaked lime at the rate of 1 
ton per acre, the pH was barely raised beyond 7, and it did not affect 
plant development. 

The nitrogen determinations were made for the purpose of ascer- 
taining to wnat degree nitrogen may be depleted before plant growth 
ceases. The results were not conclusive. On some plants new leaves 
were formed when the nitrate content of the soil was only 2 parts 

Eer million and the ammonia content 4 parts per million. This, 
owever, is no indication of what the minimum content may be in 
commercial plantations. 

'BRIAZBALB, J. F. TITAMIN-LIKS SUBSTANCIS IN PLANT NUTRITION. ArlZ. AgT. Expt. 

Sta. Tech. Bui. 16; p. t401]-417. lllus. 1927. 
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After eight months some of the plants from each series were ashed 
and analyzed for calcium, potassium, and phosphorus. The results 
did not show differences that could be attributed to the fertilizers 
applied, but consistent differences in the ash content were apparent 
between the species, grapefruit and lemon containing on an average 
1.5 per cent more of these substances than the sour orange. 

Another result worth recording is the difference in ash content 
of the leaves and the stem, the former containing more than twice as 
much as the latter regardless of the species or the fertilizer applied. 

In a third experiment, which is bemg carried on along the same 
line as the former, 50 citrus trees, each m an iron drum of 80-gallon 
capacity containing the same grade of soil as that used in the half 
barrels, are under test. The drums are so placed as to permit collec- 
tion of the drainage water and are provided with practically rain- 
proof covers when necessary. This experiment is to oe continued for 
several years, until the trees become pot-bound, in the hope of ulti- 
mately obtaining data on optimum soil moisture, plant nutrients :and 
pH for citrus, and the differences, if any, in these factors in reli^on 
to lemon, grapefruit, and sour orange. 

FRUIT GROWERS' MEETINGS 

The agriculturist acted as secretary of the fruit growers' meetings 
and attended the get-together luncheons which were given monthly 
in San Juan. Mimeographed records of these meetings, which have 
been sent out during the past three years, have been greatly appre- 
ciated by the fruit growers. 

REPORT OF THE PLANT PATHOLOGIST 

By C. M. Tucker 

AVOCADO ROOT DISEASE 

Investigations on a root disease of avocados were continued. Dur- 
ing the year trees in a commercial planting of Mexican and Guiite- 
malan varieties which had been grafted on West Indian stocks at 
Villalba were found to be dying. The earliest symptoms of disease 
were a cessation of growth and the appearance of a yellowish, un- 
healthy color of foliage, which was followed by gradual defoliation 
and death. 

Trees of all ages from voung seedlings to large trees 6 to 8 years 
old bearing full crops of fruit were attacked. The infected seedlings 
were in a nursery which had been established in a section of the 
grove whence dead trees had been removed. The seedlings were in 
rows, and circular areas of dead or dying seedlings were to be found 
at places where infected trees had grown. The size of the infected 
areas corresponded rather closely to the root spread of the removed 
trees. 

Cultures were made from roots from six infected trees, and five of 
them yielded a Phytophthora which was identical morphologically 
with the fungus that was repeatedly isolated from trees showing the 
same disease symptoms at the station. (Fig. 7.) The Phytophtnora 
closely resembles P. cirmcmuynd. The species is well differentiated by 
the production of grapelike clusters or chlamydospores and the ab- 
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sence, in ordinary cultures, of zoosporangia and oospores. There is 
sdmfe evidence, however, that the avocado strain differs from cinna- 
mon strains in pathogenicity. 

Inoculation experiments on West Indian seedlings grown in auto- 
claved soil demonstrated the ability of the fungus to attack and kill 
the roots. In most instances the enect of the parasite is rather slow. 
Of six plants that were inoculated January 30, 1928, four were dead 




FiouRB 7. — Young Dickinson avocado grafted on West Indian stock dying from root 
disease. Located on a hillside in heavy clay soil 

on July 7, 1928. The two living plants had made no growth. The 
check plants were healthy and growing vigorously. (Fig. 8.) 

Examination of the roots of healthy and diseased plants revealed 
that practically all the roots of the inoculated plants had rotted. In 
Figure 9 the roots of an infected plant (on the left) were taken 
from a badW wilted plant which was barely kept alive by the pro- 
liferation 01 small, weak roots near the crown. Such roots seem to 
become infected rather early and seldom become sufficiently wide- 
spread to cause renewed growth. 
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The disease occurs frequently in heavy soils and in poorly drnined 
locations. At the station young trees on fairly steep slopes have 
succumbed. The soil is a heavy clay. At Villaiba the disease first 
appeared on a rather poorly drained plateau at the base of a ore- 
eipitous slope from which the plateau received the run-off. The 
surface 15 inches of soil was a gravelly, friable loam. The subsoil 
was a yellow, tight clay. At this place many of the trees attained 







Figure 8. — Inoculation experiments with aTiocado. Left, two check plants; 
right, inoculated January 20, 1928. and photographed July 7, 1928. The 
plants were of equal height at the beginning of the experiment 

large size before they were killed. This fact was probably due to 
the favorable conditions encountered by the roots in the surface soil 
during the early life of the tree and to their infection upon reaching 
the impermeable subsoil. 

It is apparent from the observations made that commercial plant- 
ings of avocados are most likely to succeed in places having a deep, 
permeable soil and good surface drainage. The degree of surface 
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and subsurface drainage necessary naturally varies considerably with 
the rainfall. 

Observations indicate that infection and rotting of roots occur 
mostly during the rainy season. Attacked trees may, however, re- 
main healthy m appearance until a few weeks after tiie beginning of 
the dry season when the reduced root system, under scanty moisture 
conditions, is no longer able to supply the necessary water to the 
plant. 

CITRUS SCAB 

During the year a majority of the first generation Duncan-Triumph 
grapefruit hybrids came into bearing. The first-generation trees, 
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FiouRB 9. — Root disease of ayocado. Left, root system of the plant on the left In 
Figure 8. Right, root system of the plant on the right In Figure 8. The only 
functioning roots are the few small ones arising near the crown 

bred in an effort to obtain a desirable grapefruit having the scab- 
resistant character of the Triumph variety, proved to be as sus- 
ceptible to scab as the susceptible parent Duncan. 

Seeds from fruits of the hybrids were planted in boxes in January 
and the resultant seedlings transplanted to the nursery in April. 
About 3 acres of plants set 6 inches apart in rows 3 feet apart were 
obtained. Some of these second-generation seedlings were lost dur- 
ing the unusually heavy rains of the summer, but a large number of 
them are in very gooa condition. Scab iniection has already ap- 
peared on the leaves and young stems, and the elimination of sus- 
ceptible individuals will be begun in the spring of 1929 during the 
period when natural infection is most prevalent. 
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PHTTOPHTBORA INVBSTIGATIONa 

The collection of Phytophthora species and strains maintained 
under culture was considerably increased by acquisitions from other 
investigators, and many requests for cultures were granted. Investi- 
gations into the pathogenicity and morphology of the strains were 
continued. 

Of special interest are two diseases caused by fungi of this genus 
found during the year for the first time in Porto Rico. In April, fol- 
lowing a period of very heavy rains, an outbreak of a severe epidemic 
among pepper plants was observed. The plants were 3 to 12 inches 
tall. The fungus invaded the tender stem tips and the leaves. At- 
tacked stems turned black, shrank, and collapsed. Spots one-half 
inch in diameter to larger ones involving the entire area were found 
on the leaves. The spots were brownish green in color and became 
dry and parchmentlike. Infected leaves fell prematurely from the 
plants. The mortality among the plants was aoout 60 per cent. In- 
fected plants seldom recovered. On the blackened stems zoosporangia 
were produced in great profusion presenting a whitish, mealy appear- 
ance. From these stems the causal Phytophthora was isolated and 
the disease reproduced by inoculations. Wound inoculations of pep- 
per stems near the soil level resulted in the death of the plants in tnree 
days. 

Many of the fallen grapefruits which had lain on wet soil for sev- 
eral days were damaged by a rot which began on the side in contact 
with the soil. The fruit remained fairly firm in texture, and the 
brown-invaded areas of skin became somewhat leathery. Fruits 
showing initial stages of infection were entirely invaded and covered 
with a white cottony growth of mycelium after three days in a moist 
chamber. The mycelium produced a few chlamydospores, but zoo- 
sporangia were rarely seen. In culture the Phytophthora differs 
morphologically from P. cUrophthora^ the common brown-rot fungus 
of California. In Australia a brown rot of citrus is caused by P. 
hihemalis^ which differs both morphologically and physiologically 
from the Porto Rico isolation. 

Infections of fruits on the trees have not been observed, and the 
soil is apparently the usual habitat of the fungus. Occasional cases 
of brown rot recorded on Porto Rican fruit in the New York market 
are believed to have been the result of shipping fallen fruit or of 
allowing the fruit to come in contact with moist soil. 

POKKAH BOBNG DISEASE OF SUGARCANE 

The sugarcane disease known as pokkah boeng,** which is com- 
mon in Java, and in Louisiana, Cuba, and Hawaii, especially on 
recently introduced Java seedlings, was observed at the station in 
January, 1927, on a hybrid produced by crossing P. O. J. 2725 
and S. C. 12/4. 

The symptoms of the disease in Porto Rico agree in certain re- 
spects with descriptions of those occurring in Java and Cuba. Chlo- 
rotic spots on the leaves, usually near the base, are said to be the earli- 
est symptom. These spots are apparent on unrolling leaves and are 

* Javanese words signifying *' damaged top." 
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not developed on expanded leaves. In some instances wrinkling of the 
chlorotic areas occurs; in others, there is no distortion, and in yet 
other instances conspicuous wrinkling occurs on otherwise apparently 
normal green tissue. In some instances a chlorotic wrinkled area 
maj appear near the base of a leaf and on the succeeding leaf a 
wrinkling of similar pattern may appear about half way between 
the base and the tip, whereas, in the second succeeding leaf the 
wrinkling may appear near the tip. The position of the wrinkled 
areas indicates that the wrinkling occurred while those areas weiv 
in close contact in the leaf spindle. 

The chlorotic areas usually show red or reddish-brown spots or 
streaks soon after the leaf unrolls. In Java and Cuba a further 
stage of the disease is said to be a top rot. In Java the infection is 
reported to extend into the stalk below the growing point, where 
it causes cavities and strands of reddish tissues which are crossed 
by dark bands, producing a ladderlike appearance. These latter 
symptoms have not been observed in Porto Rico. 

The varieties on which the chlorotic spots most frequently appear 
are the Java canes produced by crosses between P. O. J. 2364 and 
E. K. 28, and on crosses between the progeny of this cross and other 
varieties. Among the progeny of the P. O. J . 2364 and E. K. 28 cross 
the varieties P. O. J. 2725, P. O. J. 2714, P. O. J. 2878, and others 
are susceptible. Of these, the P. O. J. 2878 seems to be the most 
frequently affected. Crosses between P. O. J. 2725 and S. C. 12/4 
are very frequently affected. The stool on which the disease was 
first noticed, carried in the station records as J. S. C. 363, showed 
the chlorotic spots more conspicuously than did either P. O. J. 2725 
or P. O. J. 2878. A number of other seedlings produced by the sta- 
tion and by the Fajardo Sugar Co. produce leaves similarly 
affected. Other varieties occasionally produce leaves with slightly 
chlorotic spots, but no distortion has been observed. 

The effect of the disease on the cane is problematical. At the sta- 
tion a planting of P. O. J. 2878 made in March, 1927, began to show 
chlorotic spots in June of the same year. The cane continued to 
make apparently normal growth to maturity. Ratoons from these 
stools snowed no abnormalities until they reached a height of 4 to 
5 feet. They, too, then began to produce occasional leaves showing 
the typical chlorotic area near the base. These ratoons are now ma- 
ture. No cases of top rot have occurred, and, so far as it can be 
determined, the cane has not been injured. 

The first planting of P. O. J. 2878 for commercial purposes was 
made by the Coloso Sugar Co. near Aguadilla. The cane was 
being propagated continuously, and the planting contained stools of 
various heists ranging from a few inches to 9 or 10 feet. Each 
stool was examined carefully for evidences of infection. The plant- 
ing contained 685 stools, of which 73 were found to have a chlorotic 
area at the base of one or more leaves. In 12 instances reddish brown 
discolorations were observed in the chlorotic areas, usually being 
accompanied hj splitting of the tissue. 

In the planting 33 cases of top rot (dead growing point) were 
found. Of these, 25 occurred among very young canes and were 
caused by insect pests, usually the mole cricket and m a few instances 
the moth borer. The insects had fed upon the young leaves in the 
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leaf Spindle or the growing point. Of the 8 eases found among older 
canes, 5 were caused by the moth borer and 3 were due to some unde- 
termined cause. Oi the latter, two cK'curred on stalks which showed 
no evidence of pokkah boeng. The third occurred on a stalk having 
three leaves with chlorotic markings. 

Very young stools less than 2 feet tall showed no disease. Symp- 
toms were observed on 6 stools 2 to 3 feet high, 5 stools 4 to 6 feet 
high, 3 stools 6 to 7 feet high, and 59 stools 8 to 10 feet high. 

Among the stools 2 to 3 feet tall only traces of chlorotic areas 
could be seen. The distribution of the entire population into the 
different height classes was not made, but the class 2 to 3 feet tall 
appeared to be the largest. 

The above observations were made following a season of abnor- 
mally wet weather which would appear to favor infections. Of 
interest in this connection was the appearance of a red stripe disease, 
probably bacterial in nature, on the emerging leaves on four stalks. 
The latter disease is probably identical with one previously observed 
on B. H. 10/12. 

Small plantings of P. O. J. 2878 have been made in many sections. 
Visits were made by the plant pathologist to some of the oldest of 
these at Santa Rita, Fortuna, Central Mercedita, Aguirre, Caguas, 
Humacao, and Fajardo. At each place cane 8 feet or more in 
height was growing. In every instance some chlorotic leaf bases 
could be found. No cases of top rot were seen, and no evidence 
could be obtained that any had ever occurred. The plantings of this 
variety were being watched with much interest and it is unlikely 
therefore that a dead top would have escaped notice. 

Isolations from the reddish discolored tissue from chlorotic spots 
yielded two Fusarium strains. Fusaria were present in about 90 per 
cent of the approximately 200 platings examined. The two strains 
were obtained in almost equal numbers. 

Since the chlorotic areas are reported to be the earliest symptom 
of invasion, it was considered probable that the causal organism 
might be obtained from young chlorotic spots with most certainty. 
Accordingly, more than 200 pjlatings of young spots showing no 
reddish or brownish discolorations were made. Tne tissues plated 
were obtained from the varieties P. O. J. 2878, F. C. 933, F. C. 915, 
F. C. 937, B417, and M. P. R. 14. The plantings from which the 
leaves were obtained were located at Mayaguez, Santa Rita, Fajardo, 
Central Mercedita, Humacao, Caguas, and Fortuna. In no instance 
was a Fusarium obtained. 

At the same time nearly 50 pieces of tissue of P. O. J. 2878 show- 
ing discoloration were plated, and Fusaria were obtained from 93 
per cent. 

Inoculation experiments have shown that the Fusaria are very 
weak parasites capable of causing only insignificant lesions even 
when placed on the wounded central roll of young leaves and kept 
constantly wet. No traces of chlorotic spots resulted. Inoculations 
of cuttings by injections of suspensions of the fungi iailed to pro- 
duce the disease in the daughter plants, or to affect the germination 
of the cuttings. Efforts to transmit the disease by planting cuttings 
from diseased stalks were not successful. The investigations are 
being continued. 
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REPORT OF THE PARASITOLOGIST 

By H. L. Van Volkbnbkbo 
GENERAL 8URVBT 

Several species of internal parasites of horses were collected during 
the year. Fost-mortem examination of one horse and two mules from 
the same locality revealed the presence of nose bot-fly larvae in the 
stomach, tapjeworms, pinworms, and several species of Strongylinae 
in the intestines, a filarial worm in the peritoneal cavity, an Oncho- 
cerca in the cervical ligament, and lungworms in one of the mules. 
A worm aneurism was found in the anterior mesenteric artery of 
the horse. 

Demodectic mange mites have been collected several times from 
swine. Observations made at the local abattoir indicate that this 
mange is not uncommon. 

Cysticercua cellvlosm was again observed. Of a total of 6,323 hogs 
which were slaughtered during 1928, 8 carcasses were condemned at 
the local abattoir on account of this parasite. 

In May, six native pigs about 1 month of age were purchased at 
the local market. Within two weeks five of them died from an infec- 
tion with Balantidiwn coli. Ulcers were extensively found, espe- 
cially in the caecum of the animals. The sixth pig, although it was 
kept in a small pen with two of the others, did not become sick. 

Manson's eye worm has been found frequently this year in autopsies 
made on poultry. The air-sac mite has also been found. 

Screw-worm flies are a common pest. Any open wound in animals, 
unless treated at once, is likely to become infected with the larvae or 
maggots of the fly. 

The leech is an intermittent parasite which does not receive suffi- 
cient attention. Most of the swampy lands used for pastures are 
infested with leeches. They attack any accessible portion of the body 
of cattle drinking or standing in the water. The permanent swamps 
of Porto Rico serve as reservoirs of infection tor several serious 
parasites. They provide breeding places for mosquitoes attacking 
both animals and man and for the propagation of snails, including a 
species which transmits blood flukes to man and possibly to animals, 
and another which transmits the liver fluke to animals and occasion- 
ally to man. 

IIVER FLUKES 

The snail {Lymncea cubenm) is the intermediate host of the liver 
fluke {Fasciola hepatica) in Porto Rico. This has been demonstrated 
both by infecting this snail with the miracidia developed from the 
ova of the fluke and by infecting calves and rabbits with the result- 
ing encysted cercariae. This snail is found in mud in swampy land 
and along shallow sluggish streams and drainage ditches. The spe- 
cific identity of this snail was determined by Dr. Paul Bartsch, of 
the United States National Museum. 

A small percentage of these snails was found to be infected with a 
stubby fork-tailed cercariae. Z. cuhensis and the snail Plcmorhis 
ffiuideloupensis, which transmits the blood fluke, Schistosoma mamr- 
8om^ in man, were found to have similar habitats, although the latter 
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snail apparently has a wider distribution. Any campaign for snail 
eradication should include both species. 

Examination showed that a very high percentage of P.guadeloup' 
ensis was infected with cercariae of five different kinds. One of these 
which encvsts on fish was by far the most common. Snails infected 
with the intermediate stage of the blood fluke were collected several 
times at Cuatro Hermanos, at Mayaguez, in the vicinity of Anasco, 
and at Cartagena lagoon. 

Experiments in the treatment for liver flukes were carried on. 
Heavily infested oxen which are brought to the local abattoir for 
meat purposes are being used in the studies. The animals weigh 
approximately 800 pounds each. The effect of the drug used is deter- 
mined by an examination of the liver 3 to 10 days after the animals 
receive the last treatment. Large single doses of carbon tetrachloride 
(50 and 100 c. c), tetrachlorethylene (50 c. c), and carbon disulphide 
(20 c. c.) apparently had no effect whatever in destroying the flukes. 
This seems to be unusual, because single doses of 1 cubic centimeter of 
carbon tetrachloride are said to destroy all mature flukes m both 
sheep and goats. However, daily small doses have shown some em- 
ciencv. In one case 10 cubic centimeters daily over a period of 20 
days destroyed all the flukes in a heavily infested animal. This work 
is being carried on as rapidly as suitable animals become avaihible. 

SWINE KIDNEY WORM 

Life history/,— Under laboratory conditions the ova of Stephanuiys 
dentatus hatch in 36 hours upward. The larvae reach the infective 
stage in four or more days after moulting twice. The infective 
larvae are ensheathed. Infection of the pig is easily accomplished by 
way of the niouth. The larvae pass to the portal vein and hepatic 
artery and their branches in the liver, where an intermediate stage of 
development is undergone. After these worms reach a length of 
approximately 15 millimeters they migrate from these vessels through 
the liver, usually to the fat surrounding the kidneys, and some even- 
tually develop to maturity in cysts along the ureters and discharge 
ova through fistulous tracts into these tubes. The length of time 
between infection and appearance of the ova in the urine is about six 
months. 

The developing worms in the portal vein and hepatic artery cause 
the formation of thrombi and diffuse aneurisms. In cases in which 
several or many larvae lodge and develop simultaneously in one area 
a sacculated aneurism forms. Often the migrating worms rest for a 
time close to or underneath the capsule of the liver, thus causing a 
pocket of pus to form. The abscesses and irritation caused by the 
worm later result in the formation of hard nodules; and often in 
heavily infested animals extensive areas of the liver are replaced by 
connective tissue. The migrating worms which enter the kidney 
probably through the hilus occasionally wander on through the cor- 
tex, producing hemorrhagic tracts which are later replaced bv char- 
acteristic scar tissue. Some develop to maturity in the medulla and 
discharge ova into the pelvis of the kidney. 

Often various-sized worms are found in small, round, thick-walled 
nodules in the parenchyma of the liver and in thrombi in the posterior 
vena cava where this vessel is embedded in the liver. Apparently 
these forms, differing from the actively migrating worms, remain in 
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these locations for some time and probably undergo some develop- 
ment, although a portion of those in the liver eventually degenerate. 
Evidently the worms in the vena cava are finally carried forward to 
the lungs. It is also possible that some of them work their way back 
through this vein to the kidneys, the spinal canal, and other tissues 
drained by the vein. 

The pus formation associated with this parasite may be a factor 
in assisting its penetration through the capsule of the liver and 
later producing the fistulous tracts opening into the ureters. The 
possibility that the worms which are connected with the ureters by 
fistulous tracts reached this location by entering the kidneys, passing 
into the ureters, and penetrating the walls probably by way of the 
glands in these tubes, could not be demonstrated. Only the mature 
worm has been found in and projecting into the ureters. The move- 
ment of the mature worm through the fistulous tracts into the ureters 
was probably brought about by a lowering of the body temperature 
or other post-mortem changes. 

In Porto Rico infection occurs during the entire year, but is heavi- 
est during the summer months or wet season. At the local abattoir 
nearly all the livers which are condemned are rejected because of 
pathological lesions resulting from the development of the parasite. 
Records furnished by local sanitation officials for the last two years 
show that the number of livers condemned rarelv falls below 1() per 
cent per month, but that during December and •January, the months 
in which the migrating worms are most numerous, one-fourth to one- 
fifth of the livers are condemned. It is interesting to note that the 
beginning of the rainy season is followed five and six months later 
by an increase in the number and percentage of livers condemned at 
tne local abattoir. 

During 1928, 892 livers in a total of 6,323 were condemned. These 
figures do not represent the total number of animals or percentage 
infected with this parasite for several reasons. Often the liver 
lesions are localized in one lobe or small area; this part is rejected, 
and the liver is not included in the count. 

HOOKWORM OF SWINE 

Further studies were made of the swine hookworm {Necator 
sipUlv^). Locally the intestines of swine are used for sausage cas- 
ings and are comparatively high in price. For this reason and 
because of the apparent low percentage of infection, a piece of the 
lower end of the ileum about 3 or 4 feet long was examined. If the 
worm was found, the entire intestine was obtained and examined. 

At different times during the year 310 intestines were examined in 
this manner. Of this number only one lightly infested intestine was 
found. This, with the two reported in 1927, makes three infestations 
in a total of 478 intestines examined both systematically and as above- 
mentioned by the personnel of this station. 

In the same districts from which many of these examined pigs 
were obtained the percentage of hookworm infestation in man is 
high, sometimes reaching 90 per cent. The same correlation exists 
in regard to ascarids. In Porto Rico the ascarids of swine are scarce, 
whereas they are common in man. 
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